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CHEMISTRY III 
Organic Chemistry 


INTRODUCTION 


The element carbon has the unique abil- 
ity to form stable chemical bonds not 
only with other elements of the periodic 
table but also with itself, Thus a large va- 
riety of molecules composed substantially 
of carbon (in combination with other 
elements such as hydrogen, oxygen, nitro- 
gen, sulfur, and phosphorus—and the hal- 
ogens—fluorine, chlorine, bromine, and 
iodine) occur naturally or can be synthe- 
sized. 

The chemistry of carbon-containing 
molecules is called organic chemistry be- 
cause early scientific thought held that 
these compounds could be derived only 
from plant and animal organisms but 
never by direct laboratory synthesis, as 
inorganic compounds could. This vitalism 
theory was disproved early in the nine- 
teenth century when urea, a component 
of urine, was synthesized by accident 
from ammonium cyanate, an inorganic 
compound, simply by heating. 

As time progressed, organic chemists 
devoted their efforts to the isolation and 
purification of new chemicals from nat- 
ural sources such as coal, petroleum oil, 
and plant and animal extracts, These 
chemists were also concerned about the 
structures of these substances. After the 
atomic weight scale had been recognized 
and efficient analytical methods for deter- 
mining the percentages of elements pres- 
ent in molecules had been developed, the 
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molecular formula of co: nds could l 
be deduced. However, th: angement | 
of atoms in molecules cou t even be 
guessed at until the Ger :n chemist 
Friedrich August Kekulé vo Stradonitz | 
hypothesized that carbon ns always 
formed four chemical bonc while oxy: 
gen formed two bonds hydrogen 
just one, Subsequently, the tch phys- 
ical chemist Jacobus van't H: — ;ostulated 
that the four bonds of a on atom 
pointed to the corners of a lar tetra- 
hedron. Thus, the three-di) ional ar 
rangement of atoms in mole: issumed 
importance. 

The ability of carbon to | to itself, 
and the three-dimensiona! — ture of 
atomic arrangements make sible in- 
credible varieties of organi. — olecules. 
To date, a few million of the ive been 
isolated or synthesized. Thes: ige from 
extremely simple molecules sù as those 
found in natural gas to extr ly large 
polymer molecules such as pe ethylene, 
a well-known plastic, which s!::* contains 
only carbon and hydrogen atos albeit in 


large numbers. With the addition of other 
elements, organic molecules can become 
quite complex. 

This volume begins with discussions of 
the equipment and approaches utilized in 
the isolation, purification, and synthesis 
of organic molecules. Then, various types 
of organic compounds and chemical prin- 
ciples are discussed. Central to an under- 
standing of organic chemistry are com 


ch as homology, functional 
somerism, stereochemistry, acid- 
basicity, and oxidation and re- 
n. 

lany different organic compounds 
ing the same functional groups—that 
oups of atoms with particular ar- 
sements and bonding characteristics 
1 react similarly. Thus organic 
/ can be organized according to 
unctional groups present within 
ules, Molecules with the same func- 
| groups but with different numbers 
bons are often called homologues. 
ferent molecules having the same num- 
of carbons, hydrogens, oxygens, and 
rth, are called isomers. The three- 
ional aspects of structures and re- 
are generalized by the term 
emistry. Finally, many organic 
tons can be classed as either acid- 
ions or oxidations and reduc- 
it is by these reactions that some 

mal groups are interconverted. 
important to keep in mind that 
the complexities of organic chemistry, 
hich have reached their zenith with 
tructures and reactions of enzymes 
l nucleic acids, are best appreciated 
through an understanding of simple or- 

ganic compounds and their reactions. 


Gary M. Hiertye, Ph.D. 
Assistant Professor of Chemistry, 
Department of Chemistry, 
Indiana University 


IHE CHEMISIRY 


LABORATORY 


Today's chemistry laboratory is a far cry 
from the dark recesses in which medieval 
alchemists fruitlessly attempted the trans- 
mutation of lead into gold. A modern 
laboratory cannot even be considered a 
place for the all-inclusive study of chem- 
istry. Because of the techniques and 
equipment required, no single laboratory 
can be expected to cope with the de- 
mands of all the various branches of 


TAM 


il 


THE LABORATORY BENCH AND VENT— 
When experiments are to be performed in 
which dangerous or toxic materials are not 
Produced, almost any room may be used as 
a laboratory. Otherwise it is absolutely neces- 
sary to work in a room equipped with a suit- 
able bench and a venting system. 

The laboratory bench shown in Illustration 
1a has a top of chemical-resistant stoneware 
tiles. The disadvantage here is the spaces be- 
tween the tiles that provide traps for spilled 


chemistry: inorganic, organic, physical, 
nuclear, or medical, the last possibly 
incorporating elements from all the 
branches of chemistry. 

Nevertheless, certain apparatus is more 
or less common to all laboratories, is re- 
quired for basic operations, and can be 
obtained commercially at relatively low 
cost. Before setting up an analytical lab- 
oratory, however, certain guidelines must 
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materials. Ideally, a seamless top of stainless 
steel or solid marble provides an easily 
cleaned surface. However, a common wood 
counter covered with a sheet of thick plastic 
will provide a corrosion-resistant surface, 
though with little resistance to heat. The room 
should be as spacious as possible, and have 
adequate ventilation provided by at least one 
window located near the bench. 

If experiments will produce toxic fumes and 
gases, there should be provision for venting 


alembics and test tubes 


be considered. Not the least of these: a 
suitable location with adequate po er 
and water. Furthermore, before any ox- 
perimentation is attempted, a thoro: zh 
knowledge of the subject matter i a 
prerequisite. The amateur should never 
initiate an experiment without total 
awareness of reagent and product char- 
acteristics, for insufficient preparation 
may end in disaster. 


the laboratory. A well-equipped room should 
have a venting hood like the corner type 
shown in 1b, or have a hood directly over the 
bench. An adequate system can be made 
using a small window fan, making certain that 
it is firmly mounted, and connecting it to a 
flexible tube of fairly large diameter. It is nec- 
essary for the tube to reach the bench so that 
the tube can be held over the container in 
which the chemical reaction takes place. 
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"lant pieces of equipment in the laboratory 
Bunsen burner with an attendant gas 
. Illustration 2a shows the burner and a 
|y triangle supported on a tripod. The tri- 

is used to hold crucibles in which sub- 


SAND BATH—When materials are to be heated 
by an indirect method to temperatures in ex- 
cess of 100* C, a sand bath can be used. 
A notable disadvantage here is the nonuni- 
formity of heat, making accurate temperature 
control impossible. However, a high-tempera- 
lure thermometer immersed in the material 
being heated does provide some degree of 
control. 
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Stances can be fused, dried, or otherwise 
heated strongly. The same tripod supports a 
heat-spreading asbestos disk (Illustration 2b). 
This setup is used to heat glass containers 
away from direct contact with the flame. 


A WATER BATH—When it would be unwise to 
expose materials to a direct flame or to exces- 
Sive heat, this indirect method is commonly 
used. The temperature of the bath will hold at 
the boiling point. The tubes in this illustration 
are supported in the beaker to prevent their 
being bounced around. 


VACUUM FILTRATION—Certain filtration op- 
erations can be hastened by using a vacuum 
apparatus. That shown in this illustration pro- 
duces the vacuum by the force of water flow- 


ing from the tap through a one-way valve into 
the sink. The two flasks are commercíally 
available "aspirators," and the valve is easily 
obtainable through chemical! supply houses. 


RUBBER STOPPERS AND BORERS—Almost 
without exception, the well-equipped labora- 
tory maintains a large supply of rubber stop- 
pers in various sizes. Although stoppers can 
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be supplied with predrilled holes, it is a good 
idea to have a set of cork borers available to 
drill solid stoppers for special application. 


ES 


with 
vea 
nent. 


CALIBRATED GLASSWARE — Toge 
ordinary glassware, it is essential 
complement of calibrated glass e 
The cylinders on bases (lllustratic are 


called graduates, and come in size ging 
from 10 mi to over 1 I in capacity. ^  pette 
stands in one of the graduates, and used 
to measure volumes of less than 10 The 
burettes are used to perform delicate mea- 


surements, such as titrations. 


GLASSWARE — The commonly encountered 
laboratory glassware is pictured in lilustra- 
tion 7. Most glassware used today is of the 
heat-resistant type, so that high temperatures 
will not render it useless. The beakers at the 
lower left are available in various capacities, 
from 5 ml to 1 I. Suspended above them are 
two round-bottomed flasks and a Florence 
flask, also available in a number of capacities. 
The test tubes, supported in a rack, are stan- 
dard items that are found in a variety of sizes. 
On the right, the aspirator and two Erlenmeyer 
flasks complete the array of standard labora- 
tory containers. Glass tubing comes in lengths 
of about 1 m (3 ft), and sports diameters of 
many dimensions. To link equipment together, 
rubber tubing of a nonreactive type is often 
used. To facilitate the connection of tubing 
to glass and metal fittings, silicone lubricant 
can be used, but it is wise to use the lubricant 
only when it will not interfere with reactions. 


A PAN BALANCE—A balance is indispensable 
any type of analytical work. While a com- 

fete laboratory will have an analytical bal- 
this is a costly and delicate piece of 
julpment. In its place, a used pharmaceutical 
nce, such as the one shown here, will 
ffice provided an accurate set of weights is 
ned. A word of caution: weights should 

ay be handled with the fingers, since natu- 
and perspiration affect their precision. 
s use the tongs provided with the set 
ights. For gross weighing, an ordinary 
} scale can be used, but should only be 
for weights of less than 1 kg (1,000 


MUFFLE—A very useful accessory is the muf- 
fle, or kiln, which is really no more than an 
electric oven. Its advantage lies in accurate 
control of indirect heat for drying at low heat 
or turning materials to ash at high tempera- 
tures. This piece of equipment can easily be 
constructed at home. 
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THE WASH BOTTLE—For making precise di- 
lutions and for washing equipment, a wash 
bottle is easily constructed from some glass 
tubing, a two-holed rubber stopper, and a 
Florence flask. One of the tubes serves as a 
fine nozzle, while the other is a mouthpiece, 
which should have fire-polished edges. 


CONSTRUCTION OF A CONDENSER — As 
shown in this illustration, a condenser con- 
sists of two glass tubes, one inside the other. 
The central tube will contain the vapors to 
be condensed, while the outer tube functions 
as the cooling coil. Cold water enters the coil 
at the bottom, returning to a drain through the 
rubber tubing on top. Two-holed rubber stop- 
pers provide the seals at both ends of the 
condenser. 
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SUPPORTS—This illustration shows the va- 
riety of supports and clamps needed to set 
up most apparatus. The creative technician 
can devise many supporting stages for almost 
any application. 


10 


ADDITIONAL LABORATORY 
EQUIPMENT | filling special needs 


Once the chemical laboratory has been 
equipped with the basic apparatus and 
the first few experiments have been com- 
pleted successfully, the average experi- 
menter will want to expand his horizons. 
While the materials previously described 
are quite sufficient to perform hundreds 
of analyses, it will soon become apparent 
that new and perhaps specialized equip- 


REACTION FLASK — Generally, when more 
than one operation is to be carried out simul- 
taneously, a three-necked reaction flask is 
used. The interiors of the upper sections of the 
necks are precision ground and provide fit- 
tings for other pieces of equipment. The flask 
shown here has a capacity of 1 liter (about 
1 qt), but the size chosen will depend on the 
volume of reactants. 


ment must be obtained. This is especially 
true in organic chemistry. 

Work in organic chemistry requires 
careful thought as to the type of equip- 
ment selected for any given experiment. 
This is because the conditions inherent 
to an organic reaction are often many in 
number. Of course, not all reactions in or- 
ganic chemistry are insurmountably com- 


MOTOR DRIVEN STIRRER—In many experi- 
ments, the contents of the flask must be kept 
in constant motion so that none of the reac- 
tants is excluded from the reaction. Usually 
made of glass, the stirrer fits into the flask 
through the center neck. Where a completely 
closed stirring operation is required, powerful 
magnets provide a magnetic coupling between 
the stirrer and the motor shaft. 


satar: rao 


plex, but even those that arc 
simple do indicate the use « 
out-of-the-ordinary apparatus 
The equipment described 
sents just some of the many 
able from which complex « 
can be made. The complexit 
paratus is directly related t 
plexity of the experiment, 


MERCURY JOINT—When mecha: 
is used and air must be exclude: 

be maintained at the point wher: 
rod enters the flask. One way to « 

& mercury joint. The shaft of the s 
nected to the center rod in the | 
mercury ensures an adequate sea 
portion of this equipment fits perf 
center neck of the flask. 


atively 
ewhat 


repre- 
avail- 
ctions 
he ap- 
com- 


stirring 
3| must 
stirring 
is with 
is con- 
nd the 
jround 
nto the 


STIRRER MOTOR—A small 
provides the power for the stirrer. The 
r's speed is regulated by a rheostat. 


electric 


'IRRER AT WORK—The whirling of the 
keeps all reactants in constant contact. 
ythm of agitation must be monitored 
e if the entire shaft of the stirrer from 
tor through the joint and into the flask 
»xactly vertical, the motor may heat up 
subsequent change in the number of 
ons per minute. 


CONDENSER—To maintain the volume in the 
flask, a condenser is fitted to one of its necks, 
in this case the one on the left. The condenser 
causes vapors rising from the heated flask to 
condense and fall back into the flask. The 
bubble-like column is inside an outer jacket, 
and is cooled with water that enters from 


the bottom and returns to a drain from the 
top. If the reaction in the flask occurs be- 
tween substances having boiling points above 
200° C (392° F), cooling and condensation is 
accomplished with air. If water were used, 
the glass condenser would probably shatter 
due to extreme temperature differences. 


GAS-PRODUCING REACTIONS—This illustra- taking place. If gas is escaping, it will rise 
tion shows a condenser to which a special gas through the condenser into a capillary inside 
detection device has been fitted. In certain the device. Since the capillary has one end 
reactions it is important to know if gas is immersed in water, a series of bubbles indi- 
being liberated even though condensation is cates the presence of the gas. 


CALCIUM CHLORIDE TUBE—!f »herlc 
water vapor is to be excluded fro: reac- 
tion flask, the condenser must be d. An 
ordinary glass stopper will not wc ;ause 
there will always be a leak in the used 
by pressure within the condenser efore, 
a tube containing a hygroscopic m (cal- 
cium chloride or silica gel, for € le) is. 
used. This apparatus traps the slig trace 
of humidity in the air. 


Coo —— ee 


DROPPING FUNNEL-—In most organic reac- 
tions, one reagent is slowly added to another 
already in the flask. This is done with a drop- 
ping funnel (seen on the left), the flow of 
which is regulated by a stopcock. The funnel, 
with its stopcock closed, is filled with reagent 
and inserted in one of the flask's necks. By 
opening the stopcock slowly, the liquid falls. 
into the flask drop by drop. 
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of equipment is especially useful when 


ucting reactions in the absence of oxy- 


rom the air. Many substances are un- 


| in air, being either oxidized or hy- 


èd. Thus, it is necessary to provide an 
atmosphere inside the flask. To do this, 


ir-necked flask is used; the fourth neck 
tached to a nitrogen source. This inert 
in rise through the siphon of the drop- 


innel, itself sealed at the top, to replace 
mospheric oxygen. The nitrogen is sup- 
rom standard laboratory cylinders, 


4 MICAL ATTACK 


ı conventional laboratory equipment 
bject to chemical attack, special 
ipment is necessary. Rubber tubing, 
ample, is subject to chemical attack 
romatic solvents, resulting in damage 
the tubing and contamination of the 
agents. In such a case, polyethylene 
tubing is often used; it is chemically inert 
and is unaffected by most acids and alka- 
lies. Another tubing material is neoprene, 
a synthetic rubber highly resistant to oils, 
gasoline, sunlight, ozone, and heat. Neo- 
prene tubing also has a lower permeabil- 
ity to gases than rubber. 

Metals can be corroded chemically 
through oxidation, or electrochemically 
through the flow of electric current in an 
aqueous solution. In addition, corrosion 


TOPPING FUNNEL WITH SIPHON — This 


CANDELABRUM—Looking like a candle, from 
which it takes its name, the candelabrum ef- 
fectively doubles the function of each neck on 
the reaction flask, Thus, a three-necked flask 


instruments or pieces of equipment when such 
a device is used. 


rates increase with increasing tempera- 
ture, which results in greater ionization 
of solutions, Chrome or zinc plating, 
glass coating, or plastic coating of labo- 
ratory equipment often provides effective 
protection against most types of corro- 
sion. A knowledge of resistance of mate- 
rials to chemical attack and corrosion is 
of great practical value to the chemist. 


HIGH TEMPERATURES 


When an experiment or analysis requires 
extremely high temperatures or sudden 
extremes of temperature, special types 
of containers may be required, Vycor— 
a type of glassware having a low coeffi- 
cient of thermal expansion and a high 
melting point—is frequently used in place 
of conventional glassware. When high 
corrosion resistance at extreme tempera- 
tures is required, Teflon vessels are some- 
times used. Crucibles made of fused silica 
are used when substances must be heated 
up to 1,450° C (2,642° F). 


can be fitted with a considerable number of 


APPLICATION OF A CANDELABRUM—When 
the volume of reagents is small, it is often 
practical to use a small flask with a single 
neck. To fit all the necessary equipment to the 
flask, a candelabrum is attached to the flask 


three-necked flask. 


ELECTRIC HEATER—Because many organic 
reactions cannot be carried out in the pres- 
ence of an open flame (for reasons of safety), 
an electric heater is an essential piece of 
equipment. The heat produced can be ac- 
curately controlled to maintain a constant tem- 
perature for as long as necessary. 


as shown, creating, in effect, a miniature 
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LABORATORY GLASS-I | 


Although most of the glassware encoun- 
tered in a modern chemistry or physics 
laboratory can be obtained commercially, 
it is sometimes necessary to construct 
apparatus for a specific purpose. In such 
instances, a basic knowledge of glass- 
working is required. 

Working with glass is neither difficult 
nor dangerous, and can be highly inter- 
esting, provided a few simple precau- 
tions are observed. However, in order to 
work glass successfully some of its char- 
acteristics must be understood. 


WHAT IS GLASS? 


Strange as it may seem, glass is classified 
physically as a liquid, although its ex- 
tremely high viscosity gives the material 
all the qualities normally associated with 
solids. Glass has no definite melting 
point, but becomes soft over a range of 
increasing temperatures, ultimately reach- 
ing the point where it becomes liquid in 
the true sense. Furthermore, during the 
1 

CUTTING GLASS TUBING—The file shown in 
this illustration is specially made for cutting 


glass. An ordinary tool shop file will suffice, 
however. Once a nick has been made in the 


softening process the solid phase and the 
liquid state never occur together. 

Another fact attesting to the liquidity 
of glass is its ability to be shaped when 
cold without machining. This, however, 
requires an extremely long time, perhaps 
hundreds of years. 

Chemically, glass is a mixture of many 
compounds, the most prominent being 
common sand, or silicon dioxide. Ordi- 
nary glass also contains compounds of 
boron, sodium, iron, and other elements. 
These compounds cannot be called im- 
purities in the strictest sense because 
they lower the melting point of silicon 
dioxide, which melts above 1,600°C 
(2,912° F). 

Because glass must suit a variety of 
needs, no one type is practical for all 
applications. Hence, depending on its 
use, the chemical and physical properties 
of glass can be tailored for a specific ob- 
jective. Certain types of glass, for ex- 
ample, do not soften under heating con- 
ditions normally encountered, and so are 


tube, the glass will break evenly under pres- 
sure exerted by the thumbs set opposite the 
groove. It is advisable to wear leather gloves 
to protect the hands. 


basic glassworking 


used for cooking equipment -l labora- 
tory apparatus. Others sof at little 
more than 500°C (932° common 
glass is an example—and < e easily 
worked. Glass can be ma: ‘ured to 
resist extremes of heat and . to with- 
stand mechanical shock, or »atter at 
the slightest stress. 

Each of these properties its effect 
on glassworking techniques. | he home, 
it is difficult to work with gl: - contain- 
ing a large percentage of sili: because 
of the high temperature reuuired for 
softening. Common glass car easily be 
worked in the flame of a kite! stove, 
RAW MATERIAL 
The simplest operations can carried 
out by the use of glass tub and for 
everyday laboratory use so d "soft 
glass" is commonly employe: 

In order to work glass tub: — uccess- 
fully, the flame from the heat ‘e must 
be large enough to surround ube. If 
the size of the tube stock is — reased, 
the flame must be made prop onately - 
larger and hotter. In the lab: ory, an 
ordinary Bunsen burner is su- nt for 
most operations. Glass with a . sh soft- 
ening point requires special « ;pment 


to add oxygen to the gas mixty:.. 
CUTTING THE TUBE STOCK 


Glass tubing is sold commercially and is 
usually available in lengths of one yard 
or one meter. Thus, the first step in the 
construction of a piece of equipment is 
to cut the stock to the correct length. This 
is quickly done by filing a small nick at 
the point where the tube stock is to be 
cut. Then, with the tube grasped firmly 
in both hands, thumbs opposite the nick, 
a steady, quick pressure exerted by the 
thumbs will cause the tube to snap neatly. 
(For safety's sake, it is best to wear leather 
gloves or wrap the tubing in several lay- 
ers of cloth.) 


THE GAS FLAME 


For most glassworking, the Bunsen burner 
found in all laboratories is ideal. This 


THE BUNSEN BURNER—The Bunsen burner is 
ideal for working glass because it provides both 
an oxidizing and a reducing flame at the same 
time. This illustration shows a properly ad- 
justed burner, with the hot cone of the reduc- 
ing flame just above the burner tube and the 
elongated, diaphanous oxidizing flame above 


this. Illustration 3 shows an improperly ad- 
justed Bunsen burner. The piece of glass tub- 
ing in Illustration 4 obviously has been cut 
improperly as Indicated by the irregular edges. 
Correctly cut tubing can be recognized by its 
having an even, sharp edge all the way 
around. 


—————————————À———À———————————————————D 


bumer produces two types of flame, oxi- 
dizing and reducing, and both are pro- 
duced at the same time. Nearest the 
burner tube is a small, very hot cone of 
fire. In a properly adjusted burner, this 
reducing flame is a bright blue. Above 
this is an elongated, diaphanous tail of 
flame, lighter in color, and relatively cool 
compared to the reducing flame. This is 
the oxidizing flame. The amount of oxy- 
gen from the air that is mixed with the 
gas determines whether a flame will oxi- 
dize or reduce a material. 

The Bunsen flame results when air and 
gas are admitted in the proportion of 
about three volumes of air to one of gas. 


This mixture produces the inner lower 
cone of the flame, evolving a mixture of 
water vapor, carbon monoxide, hydrogen, 
carbon dioxide, and nitrogen. The water 
vapor and nitrogen reach the outer com- 
bustion zone where the water gas be- 
comes burned up by the ordinary, or sec- 
ondary, air supply. Metallic salts impart 
characteristic coloration to the flame. 

For many glassworking operatious, the 
burners of a gas kitchen stove will suffice. 
Such burners are adjusted so that the 
flames are always reducing. A disadvan- 
tage is that the flames are arranged in a 
small circle and do not produce a single, 
strong flame. 
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FIRE-POLISHING THE 
TUBE ENDS 


When a glass tube has been cut properly, 
the cut end will appear to be even and 
smooth all the way around. However, it 
is really quite sharp. Rounding the cut 
ends by an operation called fire polish- 
ing is quite simple. First, the end of the 
tube is heated in the oxidizing part of the 
flame while being rotated to heat all sides 
equally. After about 15 seconds of pre- 
liminary heating, the tube end is heated 
strongly, while still being rotated, at a 


point just above the tip of the reducing 
flame. In a very short time the flame 
takes on a bright yellow-orange color and 
the glass becomes red-hot and pliable. 
The coloring of the flame is due to the 
vaporization of sodium atoms in the glass. 
At this point, the rounding of the cut end 
is complete, and the tube is removed 
from the flame and set aside to cool. 
Even though the glass may not appear 
hot, it is! Heating does not discolor glass, 
and because glass is a very poor conduc- 
tor of heat it will remain very hot for 
some time. Care must also be taken to 


keep water away from 
worked. Any water on th 


will cause the glass to sl 


in the heat of the flame. ! 
placed in water it, too, 
Cooling is best accomp 
the tube on a piece of dr 
the tube has cooled comp 
end should be rounded ir 


MAKING A TEST TUB 


Although it is seldom re 
test tubes are easily purc! 


FIRE POLISHING—The sharp edge of a newly 
cut glass tube is rounded, or fire-polished, 
using a Bunsen burner. The hottest point of the 
5 


flame is just above the reducing cone. When 
the glass reaches red heat, it softens to form 
a rounded edge, and turns the gas flame 


orange-yellow (Illustration 5) ! 
ized sodium in the glass. lil 
a properly fire-polished glas 
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CLOSING A GLASS TUBE—This capillary (Il- 


lustration 7) has been pulled in preparation for 
closing a glass tube. When placed in the burner 


nique for closing a glass tube is worth 
knowing. In fact, there are applications 
for closed tubes other than test tubes, 
and the following procedure can be used 
in such instances. 

The first step in closing a tube is to 
select a piece of glass stock several inches 
longer than the tube length desired for 
the finished product. This provides a 
handhold at both ends of the stock, elimi- 
nating the possibility of being burned by 
hot glass. 

The point of closure is heated uni- 


flame, the capillary will soften and close al- 
most immediately because of its small diam- 
eter. The softened glass forms a small sphere. 


formly by rotating the stock first in the 
oxidizing flame, and then in the reducing 
flame. When the flame becomes yellow, 
and there is a noticeable flex to the red- 
hot glass, the tube is removed from the 
flame and pulled sharply. The glass be- 
comes elongated, narrowing at the point 
where the tube is hottest, forming a capil- 
lary. This thin section cools almost im- 
mediately, and the tube can easily be 
snapped in two. (Although the capillary 
cools, the rest of the tube remains very 
hot, and care in handling is advised.) 


The nicely rounded end of the closed tube 
shown in Illustration 8 has been shaped with 
a graphite spatula. 


The end of the tube to be closed is 
again placed in the flame and the capil- 
lary melts immediately, closing the tube. 
To give a rounded shape to the closed 
end, the tube is heated a final time, and 
is formed with a graphite spatula. Should 
the closed end appear too flat, the tube is 
reheated. A short burst of breath blown 
into the tube will cause the flat end to 
bulge. A little practice will indicate how 
much air must be blown into the tube to 
obtain the proper roundness. The tube is 
now cooled on a dry surface. 
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LABORATORY GLASS-II 


The successful working of glass is a skill 
gained by experience. A little practice 
will remedy most faults, and can result 
in the construction of interesting and 
unique pieces of equipment. 

Whenever glass is worked, the stan- 
dard precautions must be taken to pre- 
vent injury. For example, heated glass 
does not become discolored, and once 
the red glow of softened glass has sub- 
sided there is no way, visually, of de- 
termining whether glass is hot. (Many 
fingers have been burned through care- 
less handling.) It is mandatory that all 
glass to be worked in a flame be abso- 
lutely dry, since water will cause hot 
glass to shatter. Finally, when cutting or 
breaking glass stock, it is advisable to 
protect the hands, either by wearing 
leather gloves or by wrapping the stock 
in several thicknesses of cloth. 


MAKING CAPILLARIES 


Many experiments require tubes having 
very small interior diameters, often less 
than one millimeter. With a properly ad- 
justed Bunsen burner and glass tube stock 
of moderate dimensions, it is an easy 


CAPILLARIES—Capillaries are extremely thin 
glass tubes, whose sizes are compared to an 
ordinary match in the illustration. 


DRAWING THE CAPILLARY — Once at the 
proper temperature, the tube stock is with- 


matter to make capillary tubes for almost 
any purpose. 

The basic material is glass tubing stock 
at least 10 cm (about 4 in.) long, with an 
external diameter of 5 to 10 mm (about 
0.2 to 0.4 in.) and a wall thickness not 
less than 1 mm (about 0.04 in.). To form 
a capillary, the stock is held at both ends 
and the center part is rotated above the 
reducing flame until it softens (see Illus- 
tration 1). It is essential that all sides of 
of the tube are heated evenly. When the 
tube becomes flexible, it is withdrawn 
from the flame and pulled immediately, 
elongating the softened part and greatly 
decreasing the tube's diameter. As Illus- 
tration2 shows, the original tube is tapered 
in the center into what appears to be a 
thread. In fact, this is a capillary; the 
rapid elongation does not close the tube, 
but simply makes it thinner. 

A capillary as long as that illustrated 
(about 0.5 m in length) is required only 
rarely, and it should be cut into shorter 
pieces about 10 to 15 cm (about 4 to 6 
in.), for two reasons: ease of application, 
and because the section is not uniform 
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A similar technique is : 
a jet point. A jet point is a 
on the end of the glass tub: 
dropper. The softened and 
is allowed to cool, then 
point where it tapers to th 
ameter. The cut end may be rotated in 
the flame to smooth the edges, and a rub- 
ber bulb attached to the other end if it is 
to be used as a dropper. 


BENDING GLASS TUBING 


While it is not difficult to bend glass 
tubing per se, some skill is required to 
do so in such a way that the bend does 
not narrow. The secret, if it can be called 
that, lies in the proper heating of the 
tube stock. 

A length of stock that will allow it to 
be held at both ends during the heating 
and bending operation is the first require- 
ment. At the point where the bend is t0 
occur, the tubing is heated slowly with 
constant rotation so that all sides of the 
tube are heated equally. When the tube 
just begins to flex, and only a hint of red 


NDS—Right angle bends demonstrate 
its of good technique and poor proce- 
2 upper tube is a perfect bend, with a 

inside diameter. The lower example 
hat happens when the tubing is not 
niformly. 


s appeared, the tube is removed 

ie flame. With slight pressure the 

mmediately bent in one direction 

bending is stopped when the 

ngle is reached. The total opera- 

ild take only a minute or so for 

sized tubing. If the interior di- 

of the bend appears unequal to 

t ght sections, it is best to discard 

th mpt and begin again. A poor bend 

e remedied, but because a good 

bend is relatively simple to make with 

practice, it is a waste of time to try and 
rectify any mistakes. 
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LING GLASS TUBING 


Although making a successful glass seal 
requires a good degree of skill, service- 
able ones can be formed with a bit of 
practice. Unlike other types of construc- 
tions, seals cannot be made without an 
intense heat source such as a laboratory 
burner, Kitchen stoves do not provide the 
pinpoint heat required. 

In any operation involving the joining 
of one piece of glass to another it is es- 
sential that both pieces of glass be of the 
same type. Different kinds of glass ex- 
pand and contract at different rates; it 


GLASS BUBBLE—Before making a glass seal 
with tubing, one end of the tube is closed. Air 
blown into the open end causes the formation 
of a bubble, if the glass is hot enough. 


might be possible to join two tubes of 
different composition so that the seal ap- 
peared perfect while the glass was soft 
but as it cooled the seal would be likely 
to break apart. 

The kind of glass used in most labora- 
tory ware is a soft or lime glass that melts 
at a relatively low temperature and is 
easily worked. For special purposes, a 
harder, heat-resistant glass containing 
borosilicates is used; it is similar to the 
glass used in heat-proof cooking utensils. 
Obviously, glass tubing of the two differ- 
ent kinds cannot be joined by heat-sealing. 


A good place to start is with the sealing 
of two lengths of tubing in a straight line. 
First, one end of each tube is closed, as 
in the making of a test tube. It is not 
necessary to have perfectly rounded ends. 

Next, the closed ends are each re- 
heated until they become very soft and 
pliable, at which point air is blown into 
the tube. This results in the formation of 
a bubble, as in Illustration 5. Continued 
air pressure will cause the bubble to 
burst (see Illustration 6), forming a 
rough flange (Illustration 7). 

Now, the flanged ends are heated to- 
gether just above the reducing flame 
while the tubes are constantly rotated to 
ensure even heating. When it is seen that 
the glass is softened, very slight pressure 
exerted from the ends of the tubes will 
cause the two sections to fuse. The seal 
is perfected by: (1) continued heating 
and rotation; (2) allowing the joint to 
shrink; (3) puffing gently into the tube 
to expand the joint slightly; (4) stretch- 
ing the joint until it is back to its original 
diameter. A minute or so of cooling in 
the oxidizing flame followed by complete 
cooling to room temperature results in a 
seal like that in Illustration 8. 

Generally, there is no need to make 
straight-line seals as described above, 
since tubing can be purchased in lengths 
for most any purpose. However, the pro- 


eee 


THE BUBBLE BURSTS — Continued heating 
and air pressure within the tube bursts the 


6 


bubble, forming a rough flange. The ends can 
be heated and resealed, however. 
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CREATING A FLANGE FROM THE BURST 
BUBBLE—Only a section of the bubble re- 
mains to form the flange. When two such 
flanges are heated together, they fuse rapidly 
and form a seal. 


cedures are important for making other 


types of joints. 
THE “T” JOINT 


A "T" joint is just what its name im- 
plies, and is shown in Illustration 9. The 
technique for making one is analogous to 
that for making a straight-line seal. In 
fact, the vertical part of the "T" is pre- 
pared in the same way. 

The horizontal section of the joint is 
sealed at its center. The flange is obtained 
by heating only one side of the tubing 
with the side or tip of the reducing flame. 
In this instance, the tube must not be 
rotated. 

When the proper temperature has been 
reached, one end of the section is closed 
with the finger while air is blown into 
the other. The bubble that forms in the 
center of the tube will burst, forming the 
necessary flange. To seal the two sections, 


the procedure is identical to that already 
described. 


ADVANCED WORK 
Once these glassworking techniques have 


been mastered, any number of construc- 
tions can be made. Experience and the 
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WELDED TUBES — The straight-line joint is 
finished by heating to smooth both the inside 
and outside of the tube at the seal. 


need for making unique equipment are 
the only guides to performing more com- 
plex operations. 

Many pieces of equipment available 
commercially may, for one reason or an- 
other, have to be modified. This can be 
accomplished using these techniques. Or, 
specialized apparatus for a single experi- 
ment may be required—apparatus that is 
unavailable commercially—in which case 
à thorough knowledge of glass and the 
working of glass is called upon. 

Inexpensive glass tubing may be ob- 
tained from any laboratory equipment 


company or firm t! 
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Ordinary apparatu 
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that is called 
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"T" JOINT — Using techniq identical 
those for making a straight-line seal, oi 
glass tubing constructions such as the 
joints are possible. The technique is We 
useful for types other than straight-line seal 
because tubing is easy to purchase. 


(with an outside diameter of 8.5 mm). 

Glass in the form of tubing, rods, an 
containers is used extensively in the lal 
oratory because it is nonporous, it C 
be sterilized, and it does not retain odors: 
Glass apparatus can be used in exper 
ments involving most corrosive chemi- 
cals, including acids. id 

One exception is hydrofluoric bo 
which rapidly attacks all the ordinary 
kinds of glass. Hydrofluoric acid can 
used with only one kind of glass, a SP™ 
cial phosphate glass patented in Engla? 
in 1947, 


POROSITY AND 


ity is a property of solid matter that 
ts fluids (gases and liquids) to 
hrough the solid by means of inter- 
ting cavities (pores). This prop- 
which can be demonstrated, is a 
1 of the structure of the solid. 
us solids contain minute cavities 
nels that interconnect throughout 
lid and with its surface. These 
permit the body to absorb a cer- 
«mount of gas or liquid; the pores 
ermit gases and liquids to pass 
h the solid. A building brick, for 
le, appears to be a solid and com- 
ody; yet brick is traversed by an 
us number of small canals of 
volumes that interconnect with 
ther. When a brick is immersed in 
it absorbs the water throughout 
rior pores. The water enters the 


OROSITY IS—A porous body contains 


VIICROPOROSITY 


the permeability 
of matter 


interior cavities and fills them, a fact that 
is easily verified by weighing the brick 
in its dry state and then after prolonged 
immersion. The increase in weight is due 
to the water taken up by the interior 
cavities, which in a typical brick occupy 
a volume of a few tenths of a milliliter 
or less. 

Some solids have pores of much smaller 
dimensions than the pores of brick. The 
pores of a sheet of paper or cardboard, 
for example, are much smaller than those 
of a brick. Finally, some solids have pores 
of truly microscopic dimensions. A sheet 
of plastic, for example, is almost per- 
fectly impermeable to liquids, yet small 
amounts of gases can filter through the 
plastic material. Using very delicate in- 
struments, it is even possible to demon- 
strate porosity in a substance such as 


interconnecting internal cavities. It is not al- 
ways possible, however, to study the form, 
dimensions, and arrangements of these cav- 
ities. In any event, this information is not always 
of interest. Instead, the applications of porosity 
are often very important. For example, it may 
be desirable to use a porous material for stor- 
ing a gas. In such an event, it is more impor- 
tant to know the absorptive capacity of the 
solid than to understand its detailed structure. 

Porosity can be defined in rather simple and 
yet rigorous general terms without referring to 
specific substances. 

Porosity is defined as the ratio of the pore 
volume of a substance to its total or bulk vol- 
ume. A measure of porosity may be obtained 
by determining the quantity of gas at a given 
pressure that will pass in unit time through a 
given area of a porous material of a given 
thickness. 

Consider a tube containing a diaphragm 
made of a certain material (Illustration 1a). The 
tube to the right of the diaphragm is open to 
the atmosphere. A gas pump placed to the left 
of the diaphragm maintains a pressure against 
it. This pressure causes the molecules of the 
confined gas to pass through the diaphragm 
in the direction indicated by the arrows. Thus, 
there is a continuous flow of gas from the left 
to the right. Now suppose that the diaphragm 
dividing the tube (Illustration 1b) has a cross- 
sectional area of 1 cm?; that its thickness is 
negligible; and that the pressure difference 
across the diaphragm is 1 kg/cm?. The volume 
of gas in cubic centimeters passing through 
the diaphragm in unit time is related to the 
porosity of the diaphragm. Under actual ex- 
perimental conditions (Illustration 1c), the pres- 
sure difference amounts to P kg/cm?, the sur- 
face area of the sample is s cm", its thickness 
is d cm, and the quantity of gas that has passed 
through it in t seconds is V cm?. The expres- 
sion for porosity is, therefore, 


d 
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THE PRINCIPLE OF THE POROSIMETER — 
Several different types of porosimeter are used. 
The model shown here is an extremely simple 
one. The apparatus consists of a cylindrical 
container made of metal and filled with light 
oil or kerosene. This outer cylinder houses a 
second cylinder that is open at the bottom and 
closed at the top by means of a removable 
ring. This ring holds the sample of porous ma- 
terial by means of a rubber gasket. The weight 
of the inner cylinder compresses the air trapped 
between the sample and the surface of the 
liquid. This air slowly passes through the sam- 
ple, and the inner cylinder sinks deeper into 
the liquid. A scale marked on the outer surface 
of the inner cylinder indicates the volume of 
air that passes through the sample. This vol- 
ume is easily calculated when the internal di- 
ameter of the cylinder is known. A measure- 
ment with this instrument is carried out by 
fastening the sample in place at the top of the 
inner cylinder, which is then introduced into 
the larger one. The inner cylinder sinks down 
as air passes through the sample; at a certain 
point the first mark on the scale coincides with 
the upper edge of the outer cylinder. A stop- 
watch is started at this point; it is stopped 
when the second mark reaches the upper edge 
of the outer cylinder. 

Knowing the difference in pressure between 
the inside and the outside of the inner cylin- 
der, the area of the sample, and the time re- 
quired for the gas to flow through the sample, 
the porosity of the sample can be calculated. 
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BUILDING A POROSIMETER—The most diffi- 
cult part to construct is the inner cylinder. This 
part can be made from a brass tube having an 
internal diameter of 50 mm, for example, and 
an external diameter of 55 mm. The cylinder 
terminates at the top with a flange welded on 
as shown in Illustration 3a. The metal ring A 
is fixed to this flange by means of three bolts 
and wing nuts. A rubber ring G acts as a gas- 
ket to make the joint airtight. The sample is 
inserted between the metal ring and the rubber 
gasket. The inner cylinder must be placed in- 


Side another cylindrical container. This part 
can be made from a brass tube having an in- 
ternal diameter of 56 mm and an external di- 
ameter of 60 mm (Illustration 3b). The inner 
cylinder must slide up and down inside this 
second cylinder without excessive friction. The 
lime required for the inner cylinder to sink will 
depend on the porosity of the sample and can 
vary from a few seconds (in the case of thin 
Sheets of paper) to many minutes (in the case 
of samples with low porosity). The second 
hand of an ordinary wrist watch is adequate for 


measuring the elapsed time. The height of the 
outer cylinder should be of the order of 25 om 
and the inner cylinder about the same. 

Illustration 3c is the complete porosimeter 
constructed according to these instructions. 
The area of the sample is 17 cm’. In operation 
the weight of the inner cylinder In this model 
produces an internal air pressure of 0.05 k9 
cm?. The scale on the outer face of the inner 
cylinder is calibrated at intervals of 10 na 
This interval corresponds to an enclosed 9% 
volume of approximately 20 cm?. 


THE MICROPOROSIMETER — The instrument 
previously described is not adequate for mea- 
suring the porosity of substances that are only 
slightly porous. A simple accessory solves this 
problem. This accessory consists of a brass 
disk with a hole at the center. The disk is 
fastened to the metal ring that presses the 
sample against the rubber gasket. A capillary 
lube of known diameter Is passed through the 
hole in the disk and fastened with a small 
amount of cement. Two notches are marked 
on the outside of the capillary tube (Illustration 
$a), It is convenient to mark the notches 10 cm 


glass, although the porosity of glass is 
minimal indeed. 

Measuring the porosity of a substance 
is an interesting laboratory operation. As 
a matter of fact, it is possible to show 
that many substances that seem not to 
be porous are indeed permeable to fluids. 
The technique used to measure porosity 
is both simple and effective. 

What follows is a description of an 
apparatus suitable for measuring the po- 
rosity of a substance to gases. This ap- 
paratus can be used for measuring high 
degrees of porosity and, by adding a very 
simple accessory, it becomes capable of 


apart. Different capillary tubes may be used, 
provided the diameter of the tube is known. 
The principle of this version of the Instru- 
ment is analogous to that of the simple poro- 
simeter, When the sample is fixed In position, 
the inner cylinder is introduced into the outer 
cylinder containing the liquid. The descent of 
the inner cylinder will be extremely slow, how- 
ever, because the sample is only very slightly 
porous. It is, therefore, not very practical to 
wait until 20 cm’ of gas have passed through 
the sample. In a relatively short time, on the 
other hand, a few cubic centimeters will pass 


measuring microporosities of the type 
displayed by a thin sheet of plastic. 


THE SIGNIFICANCE OF 
POROSITY MEASUREMENTS 


This experiment demonstrates that one 
of the most obscure properties of a solid 
can be explored by means of relatively 
simple apparatus. Very accurate mea- 
surements of porosity, such as those ob- 
tainable by the use of sophisticated in- 
struments, are not intended here. Rather, 
the experiments demonstrate how to use 
an instrument whose accuracy depends 


THE MEASUREMENT OF POROSITY—It is es- 
sential that the sample be held securely be- 
tween the ring and the rubber gasket, airtight, 
to Insure accuracy. 

The photograph shows three samples made 
of paper—a piece of blotting paper (Illustra- 
tion 4a), which is very porous; a plece of thin 
typewriting paper (Illustration 4b), and a plece 
of wrapping paper (Illustration 4c). These three 
samples have different porosities. The values 
decrease in the order in which the papers are 
listed. These porosity values with respect to 
air, as measured with the instrument in Il- 
lustration 3c, are found to be 2 x 107, 
0.5 x 10°, and 2 x 10? (cm?/sec)*(cm/kg). 


i 
through the sample. In some cases this will be 
as little as a fraction of a cubic centimeter. To 
offset the very slow rate of descent of the inner 
cylinder, a drop of colored liquid may be 
placed in the capillary tube before the inner 
cylinder is inserted into the outer cylinder. Be- 
cause of the very small volume beneath the 
drop in the capillary tube, the drop will rise up 
the tube as air passes through the sample. The 
time measurement is started when the drop 
reaches the lower index mark, and stopped 
when the drop reaches the second mark. Since 
the volume of the capillary tube between the 
two marks is known, all the data needed to 
calculate the porosity of the sample are avall- 
able. This method has been used to measure 
the rate of gas transmission through a sheet 
of paper covered with a thin film of plastic 
material, and a plece of ollpaper (Illustration 
5b). Measurements made with this apparatus 
are not as accurate as those obtainable with 
modern professional instruments. In the first 
place, the effect of the friction between the 
walls of the two cylinders has been ignored. 
Furthermore, the measurements made to obtain 
the values inserted in the porosity formula (time 
of descent, surface area of the sample, vol- 
ume of gas, and thickness of the sample) are 
all subject to errors whose magnitude depends 
on the accuracy with which the measurements 
are carried out. 


largely on the skill of the operator. 

A number of precautions that must be 
taken when using this apparatus must 
also be observed when more sophisti- 
cated instruments are being used. For 
example, a liquid should not be used 
whose vapors may dissolve or otherwise 
damage the porosity sample, If this 
should happen, the porosity character- 
istics of the sample would change during 
the course of the measurement. Sharp- 
ening laboratory techniques in tasks 
this type is excellent practice for experi- 
ments that are far more difficult to carry 
out. 
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FILTERS AND 


ULTRAFILTERS | 


Filtration is used in a wide range of in- 
dustrial, medical and household applica- 
tions. One common example is the simple 
paper filter used to prepare drip coffee. 
The problems of filtration, and the prep- 
aration of different types of filters, are 
an important part of chemical research. 

Filtration of coarse suspensions, or the 
separation of precipitates, is common in 
laboratory research. When a soluble salt 
containing insoluble impurities must be 
purified, it is first dissolved in water and 
then filtered (often with a commercially 
available filter material). A more diffi- 
cult problem arises when the filtrate must 
be reduced to ash and weighed. This re- 
quires a filter material that leaves very 
little ash when incinerated, and that can 
be accurately weighed. The filtration of 
materials suspended in solutions that will 
destroy common filter materials (acids, 
for example) presents an even more diffi- 
cult problem. 

In filtering suspensions consisting of 
very small particles (less than 0.001 mm), 
or those of colloids, it is often necessary 
to use specially processed substances, 
some of which are shown in the accom- 
panying illustrations. 

Other ultrafilters, not shown here, are 
obtainable commercially. The micropores 
are extremely regular in these filters, 
which can be purchased in a range of 
pore sizes to enable filtering particles of 
the desired size range. Such filters are 
used in brewing to remove bacteria from 
canned beverages and to prevent spoil- 
age. 

The basic requirements for filtration 
are: (1) a filter medium; (2) a fluid with 
suspended solids; (3) a driving force 
such as a pressure difference to cause the 
fluid to flow through the filter medium; 
and (4) a mechanical device to hold the 
filter and contain the fluid. 

The driving force may be gravity, cen- 
trifugation, application of pressure on 
the fluid above the filter or vacuum be- 
low the filter, or a combination of several 
of these forces. Gravity alone may serve 
in the large sand-bed filters that clarify 
water, or in simple laboratory filtration. 
Most industrial filtration processes in- 
volve the use of pressure or vacuum, de- 


important selectors 
of particles 


PAPER FILTERS—Most paper filters are pur- 
chased from laboratory equipment suppliers. 
However, paper filters cannot be used to 
filter particles smaller than 0.001 mm. The 
filters may be folded or pleated; the former 
method is slow because the filter rests on the 
funnel walls. Illustration 1a shows a suspen- 
sion of very fine powder (iron oxide) being 
filtered. The coarser part forms a sediment, 
while the water is still cloudy and reddish. 
The filtrate is then refiltered to obtain the clear 
solution. By examining the substance collected 
on the filter paper under a microscope, it can 


be seen that the iron oxide particles have 
been collected, and that none is less than 
0.001 mm in size. lllustration 1b is a micro- 
photograph of these particles. 

India ink is a suspension of particles that 
are never more than 0.001 mm; thus, India ink 
is a colloidal suspension. When a few drops 
of India ink are diluted in water and passed 
through a paper filter (Illustration 1c), the solu- 
tion does not change color because the carbon 
black particles pass easily through the coarse 
filter. In Illustration 1d, it is impossible to dis- 
tinguish the small particles of carbon black, 
even under high magnification. 


COLLOID FILTERS—Colloid filters are pow- 
ders that produce ultrafine filtration under 
special conditions. The type of powder used 
determines the speed and effectiveness of the 
filtration process. To accelerate the process, 
a vacuum is created in the flask. The filter 
shown is kaolin powder, which expands in 
water to form colloidal suspensions. The ka- 
olin is dampened and a layer spread over a 
paper filter. The suspension to be filtered is 
placed on the filter by a dropper or some 
other device, without disturbing the kaolin. 
The process is slow, but will completely filter 
such a colloid as India ink. 
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pending on the type of filter used, to in- 
crease the rate of filtration and also to 
decrease the size of the equipment needed. 

Gravity sand-bed installations in city 
water plants filter more gallons of fluid 
than any other type. They are usually 
concrete tanks with a grating at the bot- 
tom. Above the grating are graded layers 
of crushed rock and fine sand. After solids 


3 


a 


accumulate, the bed may be backwashed 
and cleaned with clear water. 

In industry, crushed coke in lead-lined 
boxes is used to filter sulfuric acid and 
crushed limestone is used to filter alkaline 
solutions. Organic solutions may be fil- 
tered through beds of charcoal. 

An example of a pressure-vacuum filter 
system is found in the household vacuum 


sweeper, where dirt is 
cloth or paper bag, A 
the oil filter cartridg 
mobile engine. 

In some filtration p: 
product is the clarifie: 


ned inside a 
r example is 
de an auto- 


: the desired 
in others it 


is the solid or filtrate ed from the 
fluid. In still others, ! larified fluid 
and solid are recoverc put to use, 


PREPARATION OF ULTR 
olin filter effectively reta 
cles of from 0.0001 to 0.0 
even more effective filter i 
to retain smaller colloida! 
lulose membranes are cor 
filters by dissolving them i 
hol and ether, and using t! 
coarser filters. To make s 
a drop of the solution is ; 
where it spreads to form 
the solvent evaporates. 
This membrane has ext 
The membrane has the di: 


ERS—The ka- 
spended parti- 
nm in size, An 
sired, however, 
cles. Nitrocel- 
used as ultra- 
xture of alco- 
lution to soak 
ellulose filter, 
in still water 
mbrane when 


small pores. 
tage of being 


extremely delicate, howeve must be sup- 
ported by filter paper, whi | not break it. 
In laboratory tests, the ane can be 
checked with a suspensior fia ink, which 
will reveal even the slig leak of sus- 
pended particles. In Illustr a, a sheet of 
filter paper is being soak nitrocellulose 
to make an ultrafilter. The must be used | 
before the solvent (ether :ohol) evapo- 
rates, and the small amo water in the 
alcohol (5 percent) must r in the nitro- 
cellulose. Illustration 3b « a solution of 


India ink both before and ultrafiltration. 


PARCHMENT FILTERS—An 
of filter can be made from p 
acts as an ultrafilter to retain some colloidal 
particles. Common tracing paper sealed to the 
edges of coarse filter paper wii! filter India ink 
under vacuum (Illustration 4a). A more efficient 
filter can be prepared from vegetable parch- 
ment similar to that used for mechanical draw- 
ing, and dampened to fit into the funnel (Illus 
tration 4b). 


rmediate type 
hment, which 


ORGANIC CHEMISTRY 


ND METHANE 


iscovery that inorganic substances 
e made to yield organic ones was 
le in 1828 by the German chem- 
drich Wöhler. This discovery 
the beginning of modern organic 
ry. Previously, it had been thought 
organic substances contained a 
force" and that artificial syn- 

s impossible. Left unexplained 
fact that organic compounds 


gave off inorganic substances (water and 
carbon dioxide) when burned. 

Many organic substances have been 
known to man since the days of alchemy. 
These same substances are common to 
all living organisms and appear in many 
forms (solids, liquids, or gases). In ad- 
dition, they are used in vital processes in 
the manufacture of textiles, drugs, petro- 
leum, plastics, and various foodstuffs. 


the boundless horizons 
of the chemistry of carbon 


Organic chemistry, or the study of 
carbon compounds, thus developed along 
two lines—the investigation of natural 
organic substances, and the laboratory 
preparation of completely new organic 
compounds. How many of these com- 
pounds are known? It is impossible to 
answer this question because new ones 
are discovered every day. 

The seemingly endless number of car- 


S OF ORGANIC CHEMISTRY—These 
a shown in a bag made from plastic 


Se REN SUN N NN NE 


netting, which was synthesized from petroleum 
—a common example of natural and synthetic 


a 
-— o ee Sa. 


substances that coexist in organic chemistry. 
Synthetics are constantly put to new uses. 
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NAPHTHALENE — This aromatic hydrocarbon 
is shown as a conglomerate in the compact 
model of a molecule (Illustration 2a), and as 


small and shiny crystals in its natural form 
(Illustration 2b). It is widely used in the manu- 
facture of dyes and synthetic resins. 


———— eee ENG 


bon compounds stems from the fact that 
the atoms in carbon compounds are 
linked to each other by bonds that are 
so stable that many can exist simulta- 
neously in a single molecule; in theory, 
there is no limit to the number of carbon 
atoms that can be linked together in the 
same molecule. Few, if any, of the in- 
organic elements possess this property, 
which is why they can be studied to- 
gether. Boron, silicon, and nitrogen are 
the nearest to carbon in the periodic 
table, but they possess this property only 
to a slight degree. 

A molecule is termed organic when its 
basic structure consists of carbon atoms; 
however, it can also contain atoms of 
other elements, especially hydrogen, oxy- 
gen, and nitrogen. Moreover, a given 


number of carbon atoms may be arranged 
in different configurations to form sepa- 
rate molecules (isomerism). Carbon 
atoms also may be linked by single, dou- 
ble, or even triple bonds. 

Generally, carbon compounds decom- 
pose when heated (some are stable only 
at sub-zero temperatures), but a few re- 
sist even very high temperatures. Some 
behave like bases, others act like acids, 
and still others are neutral. They may 
exist in different physical forms (solids, 
liquids, or gases) and colors. 

In his letter to the Swedish chemist 
J. J. Berzelius, Wohler excitedly told of 
heating ammonium cyanate and obtain- 
ing urea, a well-known organic substance. 
This discovery led to the eventual syn- 
thesis of many organic compounds, and 


\dvances in medicine, agriculture, and 


istry. 
HANE 


»st common type of chemical bond 
inie chemistry is the covalent bond 
h two electrons are shared by 
oms. Each carbon atom is tetra- 
so that four electrons can form 
vith other, separate atoms. Meth- 
common marsh gas, is a good ex- 
; this type of bond. A single car- 
m is linked to four hydrogen 
this arrangement, the hydrogen 

:re monovalent and have only one 
ı that can be linked to other atoms, 
four atoms are needed to occupy 
ır carbon electrons. Organic chem- 
ally indicate such simple bonds 


by a dash; the methane molecule is writ- 
ten as: 


This representation, although accurate, 
does not indicate the true spatial arrange- 
ment of the methane molecule or its in- 
herent stability. Generally, a molecule 
is considered stable when there are two 
electrons around each atom of hydrogen 
and eight more in the outer stratum of 
the other atoms. Methane fulfills this 
condition (2x 4—8). 

In methane, each molecule has a car- 
bon atom linked to four hydrogen atoms 
by means of four covalent bonds. The 


carbon atom is, therefore, in the center 
of a regular tetrahedron, and the four 
bonds are directed toward the vertices. 
Thus, the methane molecule is perfectly 
symmetrical. 


METHANE IN NATURE 


The principal component of many natural 
gases, methane is formed when plant 
cellulose ferments due to the action of 
microorganisms either underground or 
in stagnant water. Common marsh gas is 
the best-known example, and is visible 
as bubbles in stagnant pools. Methane 
also develops in the oxygen-poor en- 
vironment of coal mines where it mixes 
with air to form the dangerously explo- 
sive mixture known as firedamp. 

Methane is colorless and practically 
odorless (any actual odor is probably 
caused by impurities) and is lighter than 
air. It burns with a very hot flame and is 
widely used as a fuel (compressed gas). 
Experiments conducted by the American 
chemists Harold Urey and Stanley Miller 
demonstrated that a mixture of methane, 
water, ammonia, and hydrogen could be 
transformed, through an electrical dis- 
charge, into amino acids, the main con- 
stituent of proteins. In time this reaction 
may prove the theory that life originated 
with a “big bang" in the presence of 
gases. 


BENZENE—The benzene molecule in Illustra- 
tion 3a has the typical hexagonal structure of 
aromatic organic substances. It is a colorless 
and quite refractive liquid (Illustration 3b). 
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ETHYL ALCOHOL—A!! of the bonds in an 
ethyl alcohol molecule are shown in this model 


OTHER "ORGANIC" ELEMENTS—Silicon, bo- 
ron, and nitrogen are near carbon in the peri- 
odic table and show some tendency to form 


: 


boron 
10.81 


2,550 
2,300 


P CR 


pad 13 


Al 
aluminum 
26.98 


scandium 
44.96 


2,830. 
937.4 


(Illustration 4a). The largest atom is that of 
oxygen (green), which is linked to both a 


similar chains. The electron structure of these 
elements makes this slight similarity possible. 
The pairs of numbers at the lower left of each 


carbon 
12.01 


nitrogen 
14.01 


E 7 | 
= 1s 
J Phosphorus 


(yellow) 
30.97 


5 EH m 


1,890 


— 195.8 
— 209.86 


280 
44.1 


Silicon | Ga 
1128 


vanadium 
50.94 


Q 33 
As 


sublejg arsenic | ss 
Siam 74.92 217 


germanium 
72.59 


^ 
[o's 


carbon atom (black) and 
(white). The second, compa 


box are the boiling point and 


respectively in degrees C. 


fluorine 
18.99 


oxygen 
15.99 


= 188.14 
— 219.62 


E 
cl 


chlorine 
35.45 


346 


— 100,98 


sulfur 
32.06 | 


selenium 


ogen atom 
in Illustra- 


— 


elting point 


METHANE—The simplest of hydrocarbons has 
a perfectly symmetrical structure as this com- 
pact model (Illustration 6a) shows. The huge 
storage tanks in Illustration 6b contain meth- 
ane in the gaseous state and under pressure. 


6a 


the minimum distance that actu- 
these atoms from one another. 
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THE ORGANOMETALLIC 


COMPOUNDS 


Because of their extreme reactivity and 
pronounced catalytic properties, the or- 
ganometallic compounds have been the 
subject of rapid research and develop- 
ment in recent years. In fact, some metal- 
organic derivatives are responsible for in- 
dustrial applications unknown only a 
short time ago. Alkyl aluminum com- 
pounds are examples of such substances. 

Organometallic compounds comprise a 
series in which a direct bond occurs be- 
tween a metallic atom and a carbon atom. 
Two such compounds are diethyl zinc 
and phenylmagnesium bromide, whose 
structural formulas are: 


CH;-CH; JN. 
Zn. Br-Mg- 
NCH.-CH; id 
diethyl zinc 


phenylmagnesium bromide 


Diethyl zinc was among the first organo- 
metallic compounds prepared by the En- 
glish chemist Sir Edward Frankland in 
1850. This pioneering work led to his 
appointment as professor of chemistry at 
Owens College in Manchester the fol- 
lowing year. 


DIETHYL ZINC—This model represents the 
structure of the first organometallic com- 
Pound to be prepared (Frankland, 1850). Di- 
ethyl zinc can be used in many reactions be- 
cause it is less reactive than the Grignard 
reagent ethylmagnesium iodide. 


Simply because a metal atom is con- 
tained in an organic molecule does not 
necessarily classify the molecule as or- 
ganometallic. For example, both sodium 
methylate and sodium acetate contain a 
metallic atom, but it is not bonded di- 
rectly to a carbon atom: 


mo C-CH, 


sodium acetate 


Na—O-CH; 
sodium methylate 


The organic radical to which the metal- 
lic atom is bound can be a member of 


in making polymers 


any organic series (alkyl, cycloalkyl, al- 


kenyl, alkynyl, aryl, and so forth): 


| Li- 
i A 


cyclopentadienyl potassium 
phenyl lithium 


/ CH2—CH, 
AÍ-CH;—CH; 
NCH;-CH; 


triethyl aluminum 


Na-CH;-CH-CH; 


allyl sodium 


Thus, it is easily understood just how vast 
the number of organometallic compounds 
is, especially when it is remembered that 
the elements with some degree of metal- 
lic character represent more than two 
thirds of the natural elements. 

The metalloids ( boron, germanium, sil- 
icon, selenium, arsenic, and so forth) 
also form organic derivatives. However, 
since they exhibit properties somewhat 
different from those of true organometal- 
lic compounds, they represent a special 
class. 


GENERAL PROPERTIES 
AND REACTIVITY 


The preparation and handling of organo- 
metallic compounds often requires spe- 
cial precautions. For example, it may be 
necessary to carry out various operations 
in an inert atmosphere. Pure, dry nitro- 
gen, for example, precludes the detrimen- 
tal action of atmospheric Oxygen and 
water vapor on most organometallics, 
even in minute concentrations. Of course, 
just as with all classes of compounds, 
there are different degrees of reactivities 
among the members. Compounds like 
butyl lithium (Li—C,H,) and methyl so- 
dium (Na—CHs) represent highly reac- 
tive materials that are pyrophoric; that 
is, they react instantly with water and 
burst spontaneously into flame in air, On 
the other hand, the organic derivatives of 
heavy metals such as diethyl mercury, 
Hg(C;H;)s exhibit considerably less re- 
activity, reacting neither with water nor 
alcohols, and are unable to rupture dou- 
ble bonds. 

In general, the reactivity of organo- 
metallic compounds is related to the de- 
gree of polarity of the carbon-metal bond. 


fundamental components 


2 


ie 


TITANOCENE—This red p 
organometallic compound 
(CsHs)2TIClz. It does not 
spheric oxygen or water va; 
in the hydrocarbon solvents 
triethyl aluminum, titanoc 
other soluble compound, bi: 
used as a catalyst in the ç 
ethylene. 


It has been observed that reactivity i$ 
greater when this polarity is more pre 
nounced. 

For the sake of clarification, it is neces 
sary to understand the concept of polarity 
and nonpolarity in covalent bonds. In the 
organic compounds, the pair of bon d 
electrons is arranged symmetrically only 
when the atoms are identical, as 


(EMG Q9 


apolar covalent bonds 


In all other cases, the greater part of th 
electron pair will belong to the more 
electronegative atom, thus creating & 
fractional charge (represented by ô+) 
all the atoms: 


C :cl C: Na 
ôt s= 6— 6+ 


polar covalent bonds 


The carbon atom represents the electro 
negative part of an organometallic co 
pound while the electropositive nature ® 
the metal atom tends to repel electrons 


Naturally, the more electropositive the 
metal, the greater the polarity of its bond 
with carbon. The limit to this polarity 
c however, when the bond ceases 
t covalent and becomes ionic. In an 
such as -C : M+, the two atoms 
2 unit charge. 
Ukali metals, because they are 
»sitive, form covalent bonds with 
i«gree of polarity. On the opposite 
the scale are the heavy metals 
and lead, for example) that 
t orm bonds of low polarity. With 
r ; the alkali metals, it is interest- 
ote that their combination with 
c rganic groups results in an es- 
sc ionic bond, as exemplified by 
s0 acetylide, CH=C_ :- Nat. 
in physical properties also depend 
on ;ature of the carbon-metal bond. 
F mple, the organometallic com- 
po vith low polarity are less volatile 
ar » soluble in hydrocarbon solvents 
tha highly polar compounds. 
'ompanying table illustrates the 


resc!sv and some physical properties 
of ıl important organometallic com- 
pc (hese compounds are listed in 
de z order of metal electroposi- 
tivii ^ letters A, B, and C represent 
th e degree of reactivity, A indi- 
cat shly reactive, B moderately ac- 


tive C relatively inactive. 


IONIC CHARACTER 
OF C—M BOND, 
IN % IONIZATION 


“OMPOUND 


NaCH; 
»ethyl sodium 
LICH; 
methyl lithium 
LIC,H, 
butyl lithium 
Mg(CH3)2 
dimethyl magnesium 
BrMgCH; 
methylmagnesium bromide 
Be(C;H;). 
diethyl beryllium 
Zn(C2Hs)2 
diethyl zinc 
Cd(CH;); 
dimethyl cadmium 
Pb(C;H;), 
tetraethyl lead 
Hg(CHs); 
dimethyl mercury 


Those compounds listed as highly re- 
active lend themselves to use in the fol- 
lowing reactions: addition to the olefinic 
double bond, hydrolysis and oxygenation 
(reactions that are frequently violent), 
and procedures involving carbon dioxide, 
alcohols, acids, and carbonyl compounds. 

Moderately active compounds cannot 


be added to the olefinic double bonds, 
nor do they react easily with carbon di- 
oxide. On the other hand, such com- 
pounds can readily be added to>C=O 
groups, and will react with water, oxygen, 
and acids. 

The relatively inactive substances re- 
act with acids, but show a marked re- 
sistance to other types of reactions. 

Some of these reactions can be exam- 
ined in detail by referring to a pair of 
compounds often used in laboratory syn- 
thesis: butyl lithium and ethylmagnesium 
bromide. The reaction mechanisms are 
typical of organometallic compounds, 
and are based on an electropositive agent 
reacting with the carbon atom in the 
carbon-metal bond. The general effect of 
the organometallics is to produce both a 
reduction and an alkylation. 


PREPARATION OF 
ORGANOMETALLIC COMPOUNDS 


A commonly used synthesis is that of the 
reaction between an organic halide and 
an active metal; for example: 


C,HsBr +2Li —> C,H,Li + LiBr 


butyl butyl 
bromide lithium 
C;H;I + Mg —— C;H;MgI 
ethyl ethylmag- 
iodide nesium iodide 


PHYSICAL 
CHARACTERISTICS 
AND STABILITY 


unstable when 
heated 

unstable when 
heated 

liquid, very slightly 
soluble 

slightly volatile at 
high temperatures 
solid, non-volatile 
volatile 


liquid, boiling point 


eee E 


202' 
liquid, boiling point 
92°C 


Lithium, magnesium, and zinc are par- 
ticularly suitable for use in such reac- 
tions, magnesium in the form of shavings, 
lithium and zinc in finely divided states. 
The reactions are usually carried out in 
a solvent such as ether that is capable of 
dissolving both the starting halide and 
the resulting compound. Furthermore, 


the reaction must be performed in an at- 
mosphere devoid of oxygen. 

The order of reactivity of the halides 
should be noted, especially since the flu- 
orides do not react with lithium, magne- 
sium, or zinc: iodide > bromide > chlo- 
ride. 

Another type of synthesis consists of 
the exchange between a metal and an 
organometallic compound: 


2Na + Hg( CH3): —> 2NaCH; + Hg 
imethyl methyl 
mercury sodium 


In this typical case, the more electroposi- 
tive metal effects the displacement. The 
consequence is that the organometallic 
product will be more reactive than that 
from which it was formed. 

A third fundamental synthesis is the 
reaction between a metallic halide and 
an organometallic compound: 


HgCl; + 2C;H; MgCl 
——» Hg(C2H;)2+ 2MgCl». 


The metal of the reacting halide must be 
less electropositive than that in the or- 
ganometallic reagent. The result, here, is 
the formation of an organometallic prod- 
uct less reactive than the reactant coun- 
terpart. This synthesis gives the opposite 
result of that involving a metal and an 
organometallic compound. 

The second and third reactions de- 
scribed above allow the preparation of a 
wide variety of organometallic sub- 
stances from the lithium alkyls and the 
alkylmagnesium halides. In turn, these 
materials are easily produced in the re- 
action between an organic halide and an 
active metal. 


APPLICATIONS OF THE 
ORGANOMETALLIC COMPOUNDS 


Although many organometallic com- 
pounds have been known for some time, 
especially the important alkyl and aryl- 
magnesium halides known as Grignard 
reagents, their usefulness as catalysts in 
oxidation, hydrogenation, and polymeri- 
zation reactions has only recently been 
exploited. For example, the alkyl and aryl 
compounds of sodium and lithium are 
prepared (in the case of sodium alkyls) 
by the action of sodium metal on a mer- 
cury alkyl or zine alkyl; lithium alkyls 
and aryls have been prepared from lith- 
ium metal and alkyl and aryl halides. 
Alkyl and aryl sodium and lithium com- 
pounds are now widely used as initiators 
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REACTION WITH ACIDS > HYDROCARBONS REACTION WITH CARBON DIOXIDE > CARBOXYLIC Ac 


* 


C.H,- H C.H,-Li + CO, —— ——— C.H,COOLI 

B C.H,  LiCi 
Li” cr butane C. H,-MgBr + CO, —————^ C,H,COOMgBr — 
butyl lithium 


REACTION WITH ALDEHYDES AND KETONES > ALCOH 
CH, H 
| ne C,H. + MgBrCl 
MgBr** cr ethane 


C.H," CH, E 
ethylmagnesium bromide | + BOC ——+ C,H,—C< 
L^ || ^€;H, C,H, 
"o Lio 
REACTION WITH WATER OR ALCOHOLS + HYDROCARBONS methylethylketone 
C.H, 
(ee en C.H, + LIOH 
15 4 C;H,* H H 
T AM nga ’ C,H,-C 
MgBr* || ^H H 
x BrMgO 


C,H, + Mg(OH)Br 
ethane 


formaldehyde 


REACTION WITH OLEFINIC DOUBLE BONDS 


REACTION WITH OXYGEN > ALCOHOLATES 
CaHo-Li + 1/2 0, ———-> C,H,0-Li 


C2Hs-MgBr + 1/20, ————> C,H,0-MgBr 


PREPARATION OF A BIMETALLIC CATALYST 
—The use of organometallic compounds al- 
ways requires special precautions, primarily a 
dry, oxygen-free atmosphere. Illustrations 3a 
and 3b show the setup for Preparing a bime- 


tallic catalyst by reacting titanium tetrachlo- 
ride (TiCI,) with triethyl aluminum AI(C;. 
in a nitrogen atmosphere. In the reaction, a 
chlorine atom changes place with an ethyl 
group to form Ti(C;H;)Cl; and AI(C;H:)4CI. 


The alkyltitanium chloride immediately en 
Hs), the ethyl group to precipitate as TiO, Sm. 
this in combination with the diethyl aluminu 

chloride forms the catalyst. 
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in po ^merizations based on an anionic mechanism: 4 


+ CH, = CH 
| 
COOCH; 
methyl acrylate 


j;Hy- | -CHa- CH 
| 
COOCH; 


"1 + 
li ost 


important organic com- 


poui it undergo this type of reac- 
tion 
is 
CHy COOR CH;-C-COOR 
acry! r metacrylic esters 
CH; 
= | 
« ‘H=CH, CH;-C-CH-CH. 
styre isoprene 
In ly 1950s, a new series of cata- 
lysts introduced by the German 
cher Ziegler and the Italian chem- 
ist Gi itta. These catalysts allowed 


the sı is of numerous stereoregular 


polyn nong the most important of 
whic! tactic polypropylene. In rec- 
ogniti their fundamental work, both 
scien: ceived the 1963 Nobel Prize 
in che y 

Ziegi. == most important discovery was 
made in 1953. He and a student, E. Holz- 


kamp, sci out to repeat a preparation of 
higher aluminum alkyls by heating ethyl- 
ene and aluminum triethyl; unexpectedly, 
they obtained a complete conversion of 
the ethylene monomer (CH:=CHy) to 
the dimer, butene-1 (CH;CH;CH-CH;,). 
The explanation was found in the pres- 
ence of a trace of colloidal nickel derived 
from the catalyst used previously in an 
autoclave employed in hydrogenation ex- 
periments. This led to the discovery that 
Substances made by mixing organome- 
tallic compounds with compounds of cer- 
tain heavy metals permitted the fast poly- 
merization of ethylene at atmospheric 
pressure to a linear polymer of high mo- 
lecular weight having valuable plastic 
Properties (other processes used high 
Pressure and produced a partly branched 


—— C,H,-CH;-CH- Li* 


— |—CH;-CH- Li* 


| 
COOCH; 


| 
COOCH; 


polymer). The catalyst derived from 
aluminum alkyl and titanium tetrachlo- 
ride proved especially useful and formed 
the basis of nearly all later developments 
in man-made plastics, fibers, rubbers, and 
films derived from such olefins as ethyl- 
ene and butadiene. 

Natta became best known for his dis- 
coveries after 1953, when he started in- 
tensive studies on macromolecular chem- 
istry. These were initiated by knowledge 
of Ziegler's discovery of the low-pressure 
synthesis of linear polyethylene of high 
molecular weight. By applying the Zieg- 
ler catalysts to the polymerization of 
propylene, Natta found that part of the 
polymer was highly crystalline. He rec- 
ognized that it must have been built up 
with a considerable degree of uniform 
three-dimensional, or steric, order, and 
proved the structure by the application 
of x-ray methods. 

Natta then realized that the surface 
of the catalyst must also be highly regu- 
lar to give rise to the isotactic polymer 
and then discovered variants of the Zieg- 
ler catalyst system that made possible the 
high-yield isotactic polymerization of 
propylene and other olefins. 

Zieglers and Natta's catalysts are pro- 
duced by reacting organometallic com- 
pounds of metals from Groups LIII 
(aluminum, beryllium, zinc, and so forth) 
with derivatives of the transition metals 
of Groups IV-VIII (vanadium, titanium, 
cobalt, zirconium, and so forth). A typi- 
cal example is provided by the complex 
compound triethyl aluminum-titanium 
trichloride, discovered by Natta. Thanks 
to polymerization processes, many organo- 
metallic compounds, particularly the alu- 
minum alkyls, are now of considerable 
industrial importance. 


THE NATTA CATALYSTS — Illustration 4a 
shows a small amount of a catalyst used in 
the low-pressure polymerization of olefins. 
This is the a-form (violet) composed of TiCl; 
and triethyl aluminum. The B-form of the com- 
pound is seen as an orange-red powder in 
Illustration 4b. 

The structural diagram in Illustration 4c rep- 
resents the complex compound formed by the 
reagents in the catalyst. The typical bridge 
structure that forms the active center of the 
polymerization results from secondary bonds. 
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ORGANIC DERIVATIVES 


OF SULFUR 


Paralleling the oxygen-containing organic 
compounds, the organic derivatives of 
sulfur comprise a large group of sub- 
stances with varying degrees of industrial 
importance. Preparation of these mate- 
rials is relatively straightforward, though 
the processes and the products often 
make themselves known by an over- 
whelming stench. In fact, some organic 
sulfur compounds can be smelled for 
miles from their source, even when in 
minuscule concentrations. 


ALLYL DISULFIDE—This compound, with the 
formula CH, = CH-CH,-S—S-CH,-CH- 
CH;, is a liquid with a boiling point of 139° C 
(282.2° F). Its pungent odor is immediately 
recognized in garlic. In fact, the Latin for gar- 
lic, Allium sativum, provides the name for the 
allyl radical (7 CH — CH - CH,). All the deriva- 
tives containing this radical are known as allyl 
compounds. 


e a 
When the oxygen atoms in organic 
compounds are replaced by atoms of sul- 
fur, the result is a series of compounds of 
which the more important are mercap- 
tans, sulfides, and disulfides. The mate- 
rials are formed in exchange reactions 
with alcohols, ethers, and peroxides, re- 
spectively: 


R-OH 
alcohols 
R-O-R' 
ethers 
R-O-O-R 
peroxides 


R-SH 
mercaptans 


R-S-R' 
sulfides 


R-S-S-R 
36 Simse 


In these general formulas, the groups 


mercaptans, sulfides, and 
their oxidation products 


represented by R and R' are the alkyl or 
aryl type, and may be the same or dis- 
similar. 

The mercaptans and sulfides can also 
be thought of as monosubstituted or bi- 
substituted derivatives of hydrogen sul- 
fide, HS. Chemically, they exhibit simi- 
larities to the alcohols and ethers, although 
their reactivity generally is more pro- 
nounced. 

Other types of sulfur-containing or- 
ganic compounds can be derived from 
the mercaptans and sulfides. Such deriv- 
atives correspond to sulfur at higher de- 
grees of oxidation. Thus: 


——————— 
R-SH > R-SO-OH > R-SO,—OH 


mercaptan  sulfinic acid sulfonic acid 
R-S-R'- R-SO-R’ > R-SO,-R' 
sulfide sulfone sulfoxide 


MERCAPTANS OR 
THIOALCOHOLS 


One characteristic of the mercaptans that 
serves to distinguish them from alcohols 
is the ease with which they react with 
mercury oxide: 


2C;H;SH + HgO > 
ethyl 
mercaptan 


(C4H;S);Hg + H;O. 
mercuric ethyl 
mercaptide 


The same ease of reaction is observed 
with the salts of heavy metals in solution. 
In both types of reaction, the products 
are crystalline compounds called mer- 
captides, 

The mercaptides correspond to the al- 
coholates, as seen in 


CH;SNa 
sodium methyl 
mercaptide 


CH;ONa 
sodium methylate 


but are more easily formed and are more 
stable. The stability of the mercaptides 
results from the hydrogen-sulfur bond 
and a resultant acidic character. 

The mercaptans have lower boiling 
points than the alcohols because of hy- 
drogen’s diminished tendency to form 
bonds and a concurrent lower degree of 
association. This can be likened to hydro- 
gen sulfide, whose boiling point is con- 
siderably lower than that of water—so 


low, in fact, that 
temperature. 


` a gas at r 


sulfur derivatives boiling point 


HS 
CH;SH 
C,H;SH 


voiling point 


oxygen derivatives | 


H:O 
CHOH 
C.H;OH 


Mercaptans are co! liquids, either - 
insoluble or only slig} luble in water. 
Their most apparent cteristic is an 
unpleasant, penetrat odor, which 


zable even in 
$ 


makes them easily re 
minimal concentratior 


Aliphatic mercaptar e prepared in 
the laboratory using s «al procedures, 
including the followin; 

1. The reaction betwo ^ an alkylating 
agent (alkyl sulfates or |) \lides) and po- 


tassium hydrosulfide. 


(CH;),SO, + 2KSH > 2CH,SH + K2S0 
dimethyl methyl 


sulfate mercaptan 


This simple exchange reaction is per 
formed with the addition of heat, and 
the mercaptan vapors are easily condensed 
and collected. 

2. The substitution of oxygen in alco- 
hols with phosphorus pentasulfide. 


5C;H;OH + P8; ^ 5C2H;SH + P205 


In both these reactions, the yields are rel- 
atively small. Thus, on an industrial scale 
the mercaptans are produced by reacting 
an alcohol with hydrogen sulfide in the 
presence of a thorium oxide catalyst at 
temperatures from 300 to 350°C (from 
572 to 662° F): 


R-OH + H-S ^ R-SH + H,0. 


One of the more important aliphatic 
mercaptans is ethyl mercaptan (C2HSH)- 
This is used as an intermediate in the 
preparation of certain hypnotics. EtbY 
mercaptan is a product of the first tyP* 
of reaction. 


Of the aromatic mercaptans, the most 
tant is thiophenol, a colorless, foul- 
sme liquid with a boiling point of 
169 336.2° F). In the laboratory, this 


impo: 


N=N © 
| 


x 
s—s 


r matic mercaptans display a 


ma: idity and form stable salts with 
met 

Sc f the more characteristic re- 
actic the aliphatic and aromatic 
merc ire: 

1. jus oxidation, with nitric acid 
for « leading to the formation of 


i +30 R-SO.—OH 


PA e oxidation by weak oxidiz- 
ing iodine, for example) to con- 
vert tans into disulfides. 

+ O> R-S-S-R + HO 

A re f this type is used in the oil- 
SULI ACIDS 

Throw dation reactions, two classes 
of cor ds are obtained from the mer- 
captai hey are the sulfinic acids, in 
which SO-OH group is bound to 
a carbon atom, and the sulfonic acids, 
which contain an —SO.—OH group 
bonded to a carbon atom. Of the two 


classes, the sulfonic acids have the greater 
interest and importance. 

Exhibiting an acidity comparable to 
that of the mineral acids, sulfonic acids 
form stable and generally well-crystal- 


ar a 4 
2| |Cl9 +NaS,——+[ | | || +2NaCl+2N. 
WAS 


phenyldisulfide 


compound can be prepared by reacting 
phenyldiazonium chloride and sodium 
disulfide with subsequent reduction of 
the phenyldisulfide product: 


refining industry where mercaptans are 
oxidized with an alkaline solution of so- 
dium plumbite in an operation known as 
“sweetening,” 

The disulfides are liquids with an in- 
tense, nauseating odor, These compounds 
are insoluble in water and are easily re- 
duced to mercaptans in reactions such as 


CH;—S—S—CH, + 2Na;S 
methyl disulfide 


> 2CH;SNa + Na:S;. 
sodium methyl 
mercaptide 
The characteristic —S—S— group of 
the disulfides is also found in the very 
complex molecules of sulfur dyes. 


lized salts with the metals. In appear- 
ance, these acids are syrupy liquids or 
crystalline solids; in either case they are 
highly soluble in water. 

The distinction between alkylsulfonic 
and arylsulfonic acids must be em- 
phasized, not only because of differences 
in method of preparation, but also be- 
cause of important dissimilarities in their 
reactivity characteristics. 

The methods for synthesizing alkylsul- 
fonic acids include mercaptan oxidation 
and the alkylation of inorganic sulfites, as 
seen in these reactions: 


[9] 
CH;SH —> CH;—-SO.—OH 


methyl 
mercaptan 


methanesulfonic 


aci. 


CH;I + K;S0,—— CH$4-SO;-OK + KI 


methyl 


potassium 
iodide 


sulfite 


While these reactions are particularly 
Suited to small-scale laboratory produc- 
tion, they are not economically applicable 
on an industrial scale. Major production 
1s carried out by the direct sulfonation 
of paraffins with a mixture of sulfur di- 
oxide and chlorine in the presence of 


potassium salt of 
methanesulfonic acid 


heat. Sulfuric acid can be used in this re- 
action in place of the sulfur dioxide, al- 
though the results are far from satisfying. 

Alkylsulfonic acids are very stable com- 
pounds that are acted on by phosphorus 
pentachloride to yield the corresponding 
chlorides having the general formula 


R-—SO;-CI. These chlorides are reducible 
to sulfinic acids and mercaptans: 


One derivative of this class has found 
practical application in x-ray therapy be- 
cause of its opacity to this radiation. This 
2 


FROM MERCAPTAN TO SULFONIC ACID— 
The models depicted here show the sequence 
in the conversion of methyl mercaptan (Illus- 
tration 2a) to methanesulfinic acid (lllustra- 
tion 2b) and finally to methanesulfonic acid 
(Illustration 2c). This is an oxidation reac- 
tion made possible by the unstable nature of 
sulfinic acids. 

Methanesulfonic acid, obtained industrially 
as a by-product in oil refining, is used as a 
catalyst in many organic reactions, including 
hydrolysis, alkylation, and esterification. 
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METHYL SULFIDE—First synthesized by the 
German chemist Friedrich August Kekulé, the 
organic sulfides are somewhat analogous to 
the ethers, differing by the presence of a 
sulfur atom in place of an oxygen atom. 
These compounds are known as thioethers. 
This illustration shows a model of methyl sul- 
fide, CH; — S— CH;, a liquid with a penetrating 
odor. 


compound is the sodium salt of iodometh- 
anesulfonic acid (ICH;—SOs—ONa). 

The arylsulfonic acids, unlike their 
aliphatic homologues, are readily ob- 
tained by the action of sulfuric acid on 
the aromatic hydrocarbons. The simplic- 
ity of this reaction gives it considerable 
technologic importance. 

oa 


O + H0, — e * HO 
V KA 


benzenesulfonic 

acid 
Sulfuric acid loses its effectiveness as a 
sulfonating agent when its concentration 
falls below 65 percent; therefore, the re- 
action is performed at temperatures from 
170 to 180°C (from 338 to 356° F). This 


4a 


DIMETHYL SULFOXIDE AND METHYL SUL- 
FONE—Dimethy! sulfoxide (Illustration 4a) is 
a product of the reaction between methyl 
sulfide and hydrogen peroxide. It is a com- 
pound that melts at 6° C (42.8° F) and decom- 


serves to eliminate the water formed, thus 
maintaining the concentration at a usable 
level. The arylsulfonic acid product is 
separated from the excess sulfuric acid 
by saturating the final mixture with so- 
dium chloride, an operation called “salt- 
ing.” The precipitated sodium arylsulfon- 
ate is then recovered. 


SO,-OH NN. 


H;S0, | 
; an 
Vv 


A third acid, ortho-benzenedisulfonic acid, 
can be formed in this reaction, but its 
quantity is insufficient to make its extrac- 
tion worthwhile. 

If toluene is sulfonated, the principal 
product is the para-acid: 


c 
AN LN. 
| |——9| I| +H: 
V HS Y 
| 
SO,-OH 
para-toluenesulfonic 
acid 


The importance of the arylsulfonic 
acids derives from the ease and low cost 


poses at 100? C (212? F) and is a powerful 
solvent for many organic and even inorganic 
compounds. Further oxidation produces methyl 
sulfone (Illustration 4b), a solid material with 
a melting point of 109° C (228.29 F). 


SO,-OH 


|| meta-benzenedisulfonic acid 
| SO,-OH 
S0,-OH - 


|| para-benzenedisulfonic acid 


| 
$0,-OH 


viding a source of valuable derivatives. ' 
derivative, with the formidable name 
diaminodiphenylsulfone (DDS for short), 
made possible the eradication of leprosy: 


Sulfonation of the aromatic n 
can be forced to the extent that 
three sulfonic groups are acce 
order to accomplish this, however, 
reaction must be carried out 
aid of fuming sulfuric acid (H;SO, 
taining excess SOx, sulfur trioxide 
heat. 


of production and from the reactivity 
the sulfonic group bound to the arom: 
nucleus. The following are examples 
applications of the arylsulfonic acid: 
intermediates in organic synthesis, 


ijs Ca 
LN Naon A j 
LI |] + NagSOs 

WY fusion WY 

phenol 

SO.—OK e 

T€ KCN AN 
ped || + K250; 

WA heat VY 


The sulfones are important in medicine, P! 


In a similar manner, the chlorides of 
arylsulfonie acids, RSOsCI, can be re- 
ced to sulfinic acids and thiophenols. 


FIDES OR THIOETHERS 


wic sulfides with low molecular 
hts are colorless liquids, insoluble in 


mercaptans 


CH;SH 
C,H;SH 


+ 6°C 
+37 


inereased boiling points are ex- 
Į | by a low degree of association in 


u ic sulfur derivatives. In a com- 
p : of them and oxygen derivatives, 
the vated boiling points are displayed 


water but soluble in alcohols and ethers. 
When pure, these cómpounds have pleas- 
ant odors. 

The thioethers have boiling points 
higher than the corresponding mercap- 
tans in contrast with the oxygen-contain- 
ing ethers, which are more volatile than 
their corresponding alcohols. 


boiling point 


+38° C 
+91 


by the compounds with greater molecular 
weights, the thioethers. 

The following production methods for 
thioethers show an analogy to the proc- 
esses used in áther syntheses: 


pu am 
ropyl sodium 


Todide methylmercaptide 
cadmium sulfide 


2C,H,SH 
ethyl 
mercaptan 


er method of synthesis exists, 


he r, for which there is no equivalent 
in hemistry of organic oxygen deriv- 
ati his method involves the heating 
of | or mercury mercaptides: 


HS) 2Pb> (C2Hs)2S + PbS. 


Or onic sulfides give rise to many in- 
teres! 1g reactions, among which are the 
oxidation reactions leading to the forma- 
tion of sulfoxides and sulfones. A funda- 
mental characteristic of the sulfides is 
their ability to add halogens, metal salts, 
and alkyl halogenides. The resulting 
compounds in such reactions are called 
sulfonium salts; they are analogous to 
oxonium and ammonium salts obtained 
from ethers and amines, respectively. In 
fact, like oxygen and nitrogen, sulfur is 
strongly basic because it tends to give up 
two free electrons in bond formation. 


CH; 
HC :S: +RI — 
ee alkyl 
methylsulfide iodide 
CH; ® 


— 


HC Sie R s 


In the mechanism of this reaction, the 
R group attracts and keeps a positive 


CH;SNa > C;H,—S—CH; + Nal 


320—330* C 


methylpropylsulfide 


(CH ),S + H5S 
ethyl 
sulfide 


charge, thereby leaving the iodine with 
a negative charge. The pair of bond elec- 
trons is supplied by the sulfur. Like 
metallic salts, the resulting compound 
tends to form ions on dissociation in an 
aqueous solution. 

The three radicals and residual pairs 
of electrons in sulfonium salts are dis- 
tributed around the central sulfur atom, 
at the vertices of a tetrahedron. By means 
of a double exchange reaction with silver 
hydroxide, the sulfonium salts become 


RY 7° 
[ES S | OH © 
Rs 


sulfonium hydroxides, and these are char- 
acterized by a basicity comparable to that 
of the alkaline hydroxides. 


SULFOXIDES AND SULFONES 


Sulfoxides are obtained from the sulfides 
through oxidation with hydrogen perox- 
ide or dilute nitric acid at room tempera- 
ture. At higher temperatures, or with 
stronger oxidizing agents, the reaction 
leads to sulfone production, as shown in 
these equations: 


For example, ethyl sulfoxide, (C2H;)2SO, 
a liquid that freezes at 4 to 6° C (39.2 to 
42.8? F), is synthesized by oxidizing ethyl 
sulfide with hydrogen peroxide in acetic 
acid while the reaction is cooled. If the 
temperature of the reaction is allowed 
to rise, the product is ethyl sulfone, 
(CoH; )sSO», a crystalline solid that fuses 
at 73°C (163.4? F). 

The sulfoxides have a tendency to form 
compounds by addition, because the sul- 
fur atom still has an available electron 
pair. Thus, the compounds of methyl and 
ethyl sulfoxide can be obtained with ni- 
tric acid, 


(CH; JSO * HNO;, 


from which the sulfoxide can be recov- 
ered by treating the compound with bar- 
ium carbonate. Unlike the sulfones, the 
sulfoxides can be reduced to sulfides by 
nascent hydrogen. 

In the sulfoxides and sulfones, the S-O 
bonds are the semipolar variety, meaning 
that the pair of bond electrons is not 
formed by two electrons, one donated 
from the sulfur and one from the oxygen. 
Rather, the electron pair is supplied ex- 
clusively by the sulfur: 


The arrangement of the four atoms or 
groups around the central sulfur atom in 
the sulfones is tetrahedral. 

The sulfone group includes a number 
of compounds with a marked narcotic ac- 
tion: sulfonmethane, sulfonethylmeth- 
ane, sulfondiethylmethane, Significantly, 
the narcotic activity increases as more 
and more ethyl groups are added to re- 
place methyl groups, as in sulfonethyl- 
methane and sulfondiethylmethane; 


C.Hs {502 lo —' 
Oe 


sulfonethylmethane 


Sulfone group compounds were intro- 
duced into therapeutics between 1884 
and 1888. Sulfonmethane (Sulfonal) is 
slowly absorbed from the intestinal tract; 
depression after awakening may be se- 
vere. Because the drug is slowly excreted, 
toxic cumulation may occur during con- 
tinuous administration, Death from over- 
dosage results from respiratory and cir- 
culatory failure. Chronic poisoning causes 
mental and gastrointestinal symptoms 
and urinary changes. Other toxic mani- 
festations may appear in the skin, liver, 
and kidneys. Sulfonethylmethane is ab- 
sorbed more rapidly than Sulfonal, sul- 
fondiethylmethane more slowly. 


CH; oin /80:- —C3H; 


“Cally Cally” \$0.-Catly 
sulfondiethylmethane 
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OPLICAL-ISOMBEDBNE E eet met 


Of the two types of stereoisomerism, geo- 
metric and optical, the latter is encoun- 
tered frequently in naturally occurring 
organic molecules and processes. Not the 
least of these are the functions seen in 
human physiology. As might be expected, 
optical isomerism deals with the manner 
in which different atomic arrangements 
of the same compound affect the rotation 
of light—specifically, the plane of polari- 
zation of polarized light. The subject of 
optical isomerism is not so forbidding as 
it may appear, especially if the first step 
is an examination of the simplest hydro- 
carbon molecule, methane. 

The single carbon atom in methane dic- 
tates that the molecule will take on a 
tetrahedral shape. Furthermore, this con- 
figuration is characteristic when all four 
of carbon's bonds are saturated. If any 
one of the hydrogen atoms in methane is 
replaced by some other atom or group, 
the new compound thus formed will be 
the same no matter which hydrogen atom 
is replaced. The identical thing occurs 
even when two of the four hydrogen 


DISUBSTITUTED METHANE—If two hydrogen 
atoms in the methane molecule are replaced 
by different groups, no matter what their posi- 
tion the new molecules will be identical. (In 
these structures, the central carbon atom is 
not shown.) 


ENANTIOMERS — if three of the hydrogen 
atoms in a methane molecule are substituted, 
the result is two molecules that are mirror 


atoms are replaced by two different 
atoms or groups. This compound will be 
the same, unto itself, without regard to 
which hydrogen atoms have been sub- 
stituted. 

A study of Illustration 1 points out that 
irrespective of the positions occupied 
by the substitutes, the molecules can al- 
ways be made to coincide by rotation 
and are, therefore, identical. However, 
when more than two of methane's hydro- 
gen atoms are replaced by different atoms 
or groups, an entirely new story develops. 

In general terms, when an organic mol- 
ecule is structured so that four dissimilar 
atoms or groups are bound to a tetra- 
hedral carbon atom, the molecule can ex- 
ist in two different forms. Furthermore, 
these forms will be mirror images of one 
another. Isomers of this type are called 
enantiomorphs or enantiomers from the 
Greek enantios, meaning "opposite." 

Although the physical properties of 
enantiomorphic compounds are identical 
(except for the direction in which they ro- 
tate plane-polarized light), they are 
chemically different. However, in most 
reactions between optical isomers or re- 
actions occurring in living organisms, en- 
antiomorphs of the same compound act 
like chemically different substances, and 
therefore, they must for practical pur- 
poses be regarded as such. 

With respect to their physical proper- 
ties, enantiomers are seen to be identical 
in ordinary characteristics (melting and 
boiling points, for example), but are quite 
individual when it comes to special prop- 


images of one another (ili; 
Such molecules are not ic 


ons 2a and 2b), 
T) 


erties such as x-ray di on and rota- 
tion of polarized light he latter re- 
gard, two forms of tical isomer 
cause the plane of po! light to ro- 
tate through the sam in terms of 
absolute value. Howey e will cause 
clockwise rotation wh 1e other ro- 
tates the plane in a terclockwise 
fashion, In the first ins the isomer - 
is said to be dextrorotar is indicated 
by a plus sign (+); thy «ond isomer 
is called levorotary and esignated by 
a minus sign (—). I 
This type of stereoiso:: ism is called - 
optical isomerism, and the two forms of 
the enantiomorph are said to be optical 


antipodes, or opposites. A mixture con- - 


sisting of equal parts of the optical anti- 
podes makes up a form of the compound 
called racemic, referring to the fact that 
it will not cause any rotation in a plane 
of polarized light. This is understandable 
because the rotative contributions of the 
two enantiomers are equal in value, but 
of opposite sign, and thus cancel each 
other's effect. 

In working with racemic compounds, 
the problem of their separation into the 
two optically active forms (optical anti- 
podes) often arises, notably in organi 
synthesis. The identical physical charac 
teristics of the enantiomers are not shar 
by the racemic form, effectively elim- 
inating separation by mechanical means 
or by crystallization. In some cases, # 
microbiological separation may be € 
fected by using an organism able to de 
stroy one form, leaving the other intact 


This met 


cause i 
antipo: 
The 
far mo 
dersta; 

cepts 
be add 
The 


od is limited, however, be- 
essarily renders one of the 
seless for study. 

ical methods, therefore, are 
ctical and important. To un- 
n, however, a few new con- 
ing optical isomerism must 


unds so far discussed have 


contained only one asymmetric carbon 
atom; that is, a carbon with four different 
substituents. Matters become considera- 
bly more complex as molecules with 
several asymmetric (or dissymmetric) 
carbons are studied. Steps toward clari- 
fication can begin with an examination 
of a compound with two asymmetric 
carbon atoms: 


Immediately apparent is that an in- 
crease in the number of asymmetric car- 
bon atoms leads to an increase in the 
number of isomers. Further study will 
show that there are two pairs of enanti- 
omers; (a) and (b) are one, and (c) 
and (d) the other; and that in each pair 
the individual molecules are mirror im- 
ages. Also, (a,c) and (b,d) constitute 
pairs of different forms, as do (a,d) and 
(b,c). These forms that are not mirror 
images are called diastereomers, and they 
have disparate properties that allow easy 
separation. 

The decomposition of a racemic form 
is, therefore, accomplished by the syn- 
thesis of two diastereomers. For exam- 
ple, if the racemic form is an acid, it can 
be reacted with an optically active base 
to produce two diastereomeric salts. 
When, in turn, these are separated, it is 


Sound to the central carbon 
id are four different groups: 
DOH, and —CH;. The configu- 
lustrations represent optically 
the acid. In fact, one of the 


forms was placed in front of a mirror to ob- 
tain each illustration. 

The molecule represented in Illustration 3a 
is probably closest to reality with regard to 
the scale of atomic dimension and interatomic 


3b 


HOOC—C—CH; 


distances. However, the same molecule as 
shown in Illustration 3b is more typical of 
optical isomerism. In both, the white spheres 
indicate hydrogen, the red oxygen, and the 
black carbon. 
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possible to obtain two optically active 
acids. 


racemic form ad i 


+ base (+) > 2 diastereomeric 
forms of the salt 


LACTIC ACID 


An interesting example of optical activity 
in a compound is provided by lactic acid. 
In o-lactic acid, the central carbon atom 
is bound to four different groups and is, 
therefore, asymmetric. 


COOH COOH 
HO—C—H H—C—OH 

m cn, 
lactic acid (+) lactic acid (— ) 


EXPANDED MOLECULAR MODELS OF TAR- 
TARIC ACID—These molecules are identical 
to those in the previous illustration, but with 
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TARTARIC ACID—Tartaric acid contains two 
equivalent asymmetric carbon atoms, meaning 
that each is bound to identical atoms or 
groups. Illustrations 4a and 4b are the mirror 
image forms of this compound. 


The isomers of this ess: 
acid can exist in any of th: 
1. Dextrorotary lactic aci 
ing point of 26°C (78.8^T 
muscle tissue where it is 
periods of physical exertio 
ratory it can be obtained b 
of a-D-6-deoxyaminopyra 
rotary lactic acid is optical 
2. The levorotary forn 
melting point of 26? C, is ! 
one who has ever tasted 
which it is produced du 
tion. An interesting sideli; 
tain fermentation bacteria 
ble of producing the de: 
racemic forms of the acid 
lactic acid (—) is made b 
L-5-deoxyarabinofuranosid: 
tary form is optically active 
3. Racemic lactic acid ( 


an expansion of the bonds bet 
comes a clearer understandin 
cal antipodes. 


al organic 
forms: 
ith a melt. 
found in 
ed during 
the labo- 
oxidation 
`. Dextro- 
tive. 
o with a 
ar to any- 
milk, in 
fermenta- 
that cer- 
ilso capa- 
tary and 
hetically, 
dizing a- 
ie levoro- 


; the iso- 


the atoms 
»ese opti- 


GLYCERALDEHYDE—Still another example of 
optical isomerism is seen in the molecules of 
glyceraldehyde. Both the dextrorotary and 
levorotary forms, illustrated here, conform to 
the following formulas. 


re ne 
H- iso H KOSA H 
CH,OH CH,OH 


THE M “ORM OF TARTARIC ACID—In 


addition © dextrorotary and levorotary 
forms « ric acid, this compound also 
exists optically inactive meso-form. 
The mo': this state is symmetric about 
a plane ides it equally into two asym- 
metric ; 

mer p: ' in the course of normal 
labors nthesis, Unlike the other 
two f vis has a melting point of 
18°C 1°). Racemic lactic acid is 
optica! ive. 

TART ACID 

A classic -nple of a compound with 
more th 1e asymmetric carbon atom 
is provid- by tartaric acid, the acid in 
grapes. 1 -is acid contains two equivalent 
asymmetric carbon atoms so that the sub- 


stituents bound to one are equal to those 
bound to the other. Thus, each carbon 
atom is bound to one —H, one —OH 
group, a —COOH group, and to one 


Ho~CH-CooH chain. All compounds 
of this type present not only the usual 
forms, but also the so-called optically in- 
active meso-form. 

In the latter, if the molecule is equally 
divided, each half shows asymmetry 
while as a whole the molecule is decid- 


edly symmetrical, The physical proper- 

8 d COOH 
ties of the meso-form are noticeably dif- | 
ferent from those of the racemic form HO—C—H 
and the two optical antipodes. The illus- 


tration to the right shows some of the de- CER any acia 
tails of tartaric acid's forms. 


| | 
loon COOH COOH 


tartaric acid ( — ) meso-tartaric acid 
melting point 170* C melting point 170* C melting point 140* C 


——————— 


racemic tartaric acid, m.p. 206* C 


tartaric acid (+) 
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STEREOISOMERISM | 


An important property of many com- 
pounds is that substances with the same 
general formula may have different mo- 
lecular structures. Such substances with 
different molecular structures are called 
isomers (from the Greek isomeres, mean- 
ing "made of equal parts"). Thus, two 
structurally different compounds are said 
1 


ETHANE AND SUBSTITUTED ETHANE—The 
structural formula of ethane, CH;—CH;, is 
shown in Illustration 1a, while Illustration 1b 
shows the molecule as two tetrahedrons joined 
atone of the vertices. In Illustrations 1c and 1d, 
groups A, B, and D have been substituted for 
the hydrogen atoms of the ethane molecule. 
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to be isomers when their molecules con- 
tain precisely the same type of atoms as 
well as the same number of each type of 
atom. The phenomenon of isomerism is 
very common in organic chemistry. 

Molecules that exhibit isomerism are 
therefore insufficiently described by a 
general formula alone. For a complete 
understanding of the properties of such 
a molecule, its structure—that is, the par- 
ticular way in which the atoms are bound 
together in space—must also be known. 
Differences in structure, and, therefore, 
differences in properties, are sometimes 
so marked that isomers belong to differ- 
ent chemical classes. 

Considering a typical example, am- 
monium cyanate, NH,CNO, and urea, 
CO(NHz)2, have the same general for- 
mula (one carbon atom, four hydrogen 
atoms, two nitrogen atoms, and one ox- 
ygen atom), but the atoms are bound 
together in different ways in the two mol- 
ecules. The two compounds have very 
different properties. One is an inorganic 
salt (the ammonium salt of cyanic acid), 
and the other is an amide (a type of or- 
ganic compound): 


H 
Hy || H H 
DN-0-c=n — SN-C-N( 
H^ | H I H 
H oO 
ammonium cyanate urea 
decomposition melting point 
temperature = 60° C =132.7° C 


There are, however, other cases in which 
the structural differences give rise to 
such small differences in physical and 
chemical properties that very refined 
methods must be used to detect them. 
The aliphatic hydrocarbons butane and 
isobutane have the following formulas: 


CH;,-CH;-CH,-CH; 
butane 
boiling point = —0.5° C 
melting point = —138° C 
CH; 
| 
CH;—CH-—CH, 
isobutane 
boiling point = —12° C 
melting point = —159? C 
The differences in physical properties 
and chemical behavior between these 
two isomers are the result of the differ- 
ence in molecular structure. Isobutane 
contains a three carbon atom chain with 
a methyl (—CH;) side group, while bu- 
tane is a four carbon atom chain molecule. 


same formula, 
different structure 


omerism 
pounds: 


Another simple example of 
is provided by the following : 
E 
CH,-CH-CH-CI 
3-methyl-l-b >ne 
boiling point = 20° 
melting point = —68. 


ig 
CH;—C=CH—CH 
2-methyl-2-! ie 


boiling point 
melting point — —1: 


The compounds differ only terms of 
the position of the double 5... 

The isomers in the exar les given 
contain precisely the same «ms. These 


atoms, or groups of atoms, l vever, are 


bonded to each other in di ent ways. 
This type of isomerism, ofte ferred to 
as structural isomerism, is t ost com- 
mon. It is not, however, thc possible 
type. 

It does not necessarily fo! -v that two 
molecules that contain the me atoms 
and have the same spatial b: =] arrange- 
ment can be superimposed ( is merely 
another way of saying that t- molecules 
are identical). In fact, the :./ns can be 
oriented in different ways within the 
molecule. As a result, two «erent spa- 
tial configurations are possibi-. This type 
of isomerism is known as stereoisomerism 


(from the Greek stereos, meaning "solid" 
in the three-dimensional sense ). Different 
types of stereoisomerism occur. In gen- 
eral, however, these types can be traced 
back to two fundamental forms—geomet- 
ric isomerism and optical isomerism. The 
following shows the relationship between 
the different types of isomers. 


structural isomerism 
stereoisomerism 

geometric isomerism 
optical isomerism 


Tsomerism { 
stereoisomerism { 


In 1874, when he was only twenty-two 
years old, the Dutch chemist Jacobus 
van't Hoff published his classic work on 
the structure of the carbon atom. As a 
part of this work, he predicted the exis- 
tence of geometric isomerism. Van't Hoff's 
prediction is based on the idea that there 
is a lack of freedom to rotate about the 
double bond found in unsaturated com- 
pounds. In order to explain what consti- 
tutes freedom to rotate about a bond, it 
is necessary to examine the structure of 
a saturated molecule. A suitable example 
is any compound derived from ethane 


(CH, ) by means of the complete or par- 
tial substitution of other molecular groups 
for the ethane hydrogen atoms. Let A, 
B, and D in Illustration 1 represent dif- 
feren: atoms or radicals that have been 


subst:ted for the hydrogen atoms in 
the : xœ molecule. The bonds formed 
by t 'rbon atoms are arranged in the 
usua ahedral pattern. The molecule 
asa can, therefore, be represented 
ast hedrons joined at a central 
vert the bond between the two 
carb is constitutes an axis around 
whic o tetrahedrons are free to 
rotai » molecules shown in Illus- 
trati: id 2c do not, therefore, rep- 
resen junds different from the ones 
show ustration 1, These are but 
two o infinite number of spatial cpn- 
forma »ssible because the two tet- 
rahed free to rotate around the 
axis fc »y the C——-—C bond. This 
freedc otate disappears, however, 
when le bond exists between the 
two ca toms. 

For: le, consider a derivative of 
ethylen lustration 3a) in the same 
manne: ı derivative of ethane was 
previos :sidered. As before, A and 
B rep: oms or radicals that have 
been si ted for hydrogen atoms, in 
this cay he hydrogen atoms in ethyl- 
ene (1l! m 3b). 

The "ration of the ethylene mol- 
ecule ir; that is, all of the atoms in 


the m lie in the same plane. The 


two car ‘toms are each situated at a 
vertex | i by a carbon and two hy- 
drogen The two carbon atoms are 
then jo by a double bond. The mo- 
lecula: *ure is such that the angle 
between sy two bonds formed by a car- 
bon aton: is 120°, The six atoms in the 
ethylene molecule are, therefore, all situ- 
ated in a single plane. The basic struc- 
ture of substituted derivatives of ethylene 


is also planar. 

It is possible to maintain the analogy 
with the tetrahedral structure of ethane- 
type compounds with their single bonds. 
To do this the double bond in ethylene 
can be shown as two curved single bonds 
(the model shown in Illustration 4 is 
often rejected, however, because it does 
not correspond very closely to physical 
reality). Pursuing this model further, 
molecules of derivatives of ethylene can 
be shown as two tetrahedrons joined 
along an edge. As Illustration 4 shows, 
the carbon atoms and atoms A and B 
Continue to occupy positions in the same 
Dlane. This model emphasizes the fact 
that it is not possible to keep one tetra- 

edron in a fixed position and rotate the 
other without disrupting the line of con- 
tact between the two tetrahedrons, that 


is, without breaking the double bond be- 
tween the two carbon atoms. This is pre- 
cisely what is meant by a lack of freedom 
to rotate about the double bond. 

Lack of rotational freedom, however, 
does not exclude the possibility of break- 
ing the double bond. If the bond is broken, 
and then formed again after one end of 
the molecule has rotated 180°, the mole- 
cule that results can no longer be super- 
imposed on the one from which it was 
derived. This is not the same compound, 
but rather its stereoisomer. 

Graphical representation of the two 
stereoisomers presents no difficulty be- 
cause the entire molecule lies in one 
plane. One of the two stereoisomers will 
have the same substituted groups on the 
same side of the double bond; the other 
stereoisomer will have different substi- 
tuted groups on the same side of the 
double bond. The first structure is called 
the cis-form, the second the trans-form. 


VARIOUS CONFORMATIONS OF SUBSTI- 
TUTED ETHANE—The bond between the two 
carbon atoms serves as an axis about which 
each of the two tetrahedrons is free to rotate, 
and can, therefore, change its position with 
respect to the other. The form (Illustrations 
2a and 2b) is, therefore, equal to the form 


Geometric isomerism is also called cis- 
trans isomerism. To go from the general 
case to a specific case, group A can be re- 
placed by a hydrogen atom and B by a 
methyl group. This produces the com- 
pound 2-butene. Among the various bu- 
tene isomers, this one has a linear chain 
with the double bond placed between 
the second and third carbon atoms. This 
molecule, therefore, can have two iso- 
meric forms, the cis-form and the trans- 
form. 


H H H CH; 
Noe Se d 
C=C c= 
AL TS v^ N 
CH; CH, CH, H 
cis-2-butene trans-2-butene 


boiling point — 1? C boiling point = 4° C 


The cis- and trans-forms of a pair of 
geometric isomers have similar (but not 
identical) chemical properties, and dif- 


represented in lllustrations 2c and 2d, and 
both are equal to the form shown in Illustra- 
tions 1c and 1d. Finally, Illustration 2e shows 
that the substituted ethane molecule can as- 
sume an infinite number of conformations be- 
cause either of the two tetrahedrons is free to 
rotate to any position with respect to the other. 
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ETHYLENE AND SUBSTITUTED ETHYLENE— 
The ethylene molecule is planar, with the two 
carbon atoms joined by a double bond (Illus-. 
tration 3a). The same spatial arrangement ap- 
plies to the substituted ethylene (Illustration 


3b), in which A and B represent any two groups 
substituted for the hydrogen atoms of ethylene. 


ferent physical properties. Sometimes the 
differences are due to steric factors as 
is the case with fumaric acid and maleic 
acid, the trans-form and the cis-form of 
ethylene-1,2-dicarboxylic acid: 


H COOH H COOH 
SA 
Cc c 
I I 
Cc C 
ATN Z4 is 
H COOH HOOC H 
maleic acid melting fumaric acid melting 
point = 130°C point = 302° C 


Quite apart from the considerable dif- 
ference in the two melting points, it is 
interesting to note that maleic acid is 
easily converted to the cyclic anhydride 
by the removal of a water molecule, 


but that fumaric acid will not form such 
an anhydride because the two carboxylic 
(—COOH) groups are on opposite sides 
of the molecule and cannot interact. The 
characteristic feature of these two acids 
that is of interest here, however, is that, 
as a result of the rigidity of the double 
bond, the two carboxyl groups, the two 
remaining carbon atoms, and the two re- 
maining hydrogen atoms are held in the 
same plane. (With certain nitrogen com- 
pounds, either one or two of these atoms 
or groups may be missing. ) 

Generally speaking, the trans-form is 
the more stable form of a pair of geo- 
metric isomers. This occurs because ad- 


jacent similar groups in the cis-form 


tend to move away from each other. 
They are forced apart by electrostatic 
repulsion or for steric reasons. As a re- 
sult, the trans-form of a molecule is usu- 
ally produced when the double bond is 
synthesized. If the cis-form is required, 
special laboratory techniques must be 
employed. 

Consider these two molecules: 


A B A B 
230 RSA 

[e] Cc 

Il I 
ZU Lot 

A B B A 

In previous examples it was specified 
that group A is different from group B. 
But now suppose that the two substi- 
tuted groups on one of the two carbon 
atoms are the same. This produces two 
molecules that can be superimposed. The 
two molecules are now identical, and 
isomerism no longer exists, The follow- 
ing shows that geometric isomerism oc- 
curs only when each of the two carbon 
atoms united by a double bond is bonded 
to two different substituted groups: 


A A H 


I 
C 


P NC 
B A CH 

Optical isomerism, the « 
form of stereoisomerism 
a separate article. 

The distinction betw« 
geometrical isomerism dox 
be so significant as when 
troduced; nevertheless, it 
tained by most chemists 
reasons. A simple and pr 
of optical and geometrica 
pears to be impossible. Or 
many pairs of substance: 
sidered both optical and ; 
mers of each other at the : 
on the other hand, there 
unanimity as to exactly v 
ing line between thes 
isomerism is to be drawn 


A UNIQUE WAY OF REPRES 
ENE—In this model the dou 
ethylene molecule is shown 
single bonds, although the | 
correspond closely to physic 


obvious that neither of the tet- 


rotate with respect to the othe 
ing the double bond. 


CH; 


H 
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»pounds are derived. These 
unsaturated hydrocarbons, 
tive and lend themselves 
ting experimentation and 
ical applications. The en- 
dustry, for example, owes 
the unsaturated hydrocar- 


:r models of ethylene and 
ul immediately a character- 


;ating them from the satu- 


"bons: double and triple 
1 carbon atoms. In fact, 
rived from these sources 
listinct series. Those with 
:e called ethylene hydro- 
ferred to as olefins or al- 
hydrocarbons containing 
re members of the acety- 
on series and are known 


ting sidelight to chemical 
m olefin comes from an 


highly reactive and 
often large molecules 


observation made by four Dutch chem- 
ists many years ago. These scientists suc- 
ceeded in bringing about the first reac- 
tion between ethylene and chlorine, from 
which was produced a dense, oily liquid. 
This strange liquid was known for a long 
time as "the oil of the Dutch chemists." 
Now, because many compounds obtained 
in the same type of reaction from other 
ethylene hydrocarbons are also oily liq- 
uids, the entire ethylene series was 
dubbed olefins, meaning “oil-forming.” 

Today, internationally accepted no- 
menclature is used to identify the al- 
kanes, alkenes, and alkynes according to 
these rules: 


1. the -ane suffix denotes the saturated 
hydrocarbons (methane, ethane, 
propane, for example); 

2. the -ene suffix indicates an unsatu- 
rated hydrocarbon with a double 
bond (propene, for example); 

3. the -yne suffix signifies unsaturated 
hydrocarbons having triple bonds 
(propyne, for example). 


is the second member of the 
iss in which the compounds 
5onds. Propene finds impor- 


tance as an intermediary in the production of 


plastics, especially polypropylene. 


————————— ES 
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PROPYNE—With a triple bond in its mole- 
cule, propyne is the second member of the 
alkyne series. Unlike the molecules with 
double bonds, the alkynes are of little indus- 
trial importance. In fact, only acetylene enjoys 
any distinction in this regard. 


The primary industrial source of ethyl- 
ene hydrocarbons is the petroleum in- 
dustry, from which they are obtained in 
the cracking of crude oil (cracking is the 
process by which molecules are split into 
two or more fragments by heat). In this 
manner, large quantities of the important 
“lower” olefins (those with few carbon 
atoms) are obtained. 

Ethylene, the first of the alkene series, 
is used as the starting point in the syn. 
thesis of such valuable compounds a: 


ethyl alcohol, and as a component in the 
production of plastics. Another example 
of the importance of the alkenes is pro- 
vided by propene (propylene), CH;— 
CH-CH,, the next member of the fam- 
ily. This compound is best known for its 
use in plastic technology and numerous 
other organic syntheses. 

With the exception of acetylene, well 
known as the gas used in steel-cutting 


torches, the alkynes are little used indus- 
trially. Moreover, because of their ex- 
treme reactivity they are rarely found in 
nature. In the laboratory, however, the 
hydrocarbons with triple bonds are quite 
useful as synthetic intermediates. 


REACTIVITY 


The high level of reactivity is due directly 


HYDROGENATION—This apparatus, valuable 
in organic chemistry, accommodates hydro- 
genation reactions. In these reactions, hydro- 


3 


gen atoms are added to unsaturated com- 
pounds, generally in the presence of a nickel, 
platinum, or palladium catalyst. 


to the unsaturated state of carbon bonds 
in the alkenes and alkynes. The reactions 
involving unsaturated hydrocarbons can 


be roughly divided into two classes; 
cleavage reactions and addition reactions, 
Cleavage reactions, whe; the double 
or triple bonds are liter roken, are 
particularly interesting \ the desire 
is to ascertain molecular ure. To do 
so simply means breaki: e molecule 
into smaller, more eas cognizable 
fragments. When these ments are 
identified, it is often po to deduce 
the structure of the orig iolecule, 

One of the more frequ used meth- 
ods of degrading a m » employs 
ozone. This molecule, O tinguished 
from its life-giving relati: by greater 
reactivity and the ease v hich it be- 
comes attached to do ind triple 
bonds. 

The alkenes and all react with 
ozone to yield, depend: n the com- 
pound and the reaction itions, alde- 
hydes, ketones, or acids f which are 
easily recognized. Fron se, original 


molecules can be recon: ed, 


The use of ozone and 0» methods of 
degradation are valuab! search tools 
widely applied in the of organic 
structures. On the othe id, for pur- 
poses of organic synth« :ddition re- 
actions are far more in it. In these 
reactions, the addition : 'r atoms or 
groups always occurs o: two carbon 
atoms between which th: ble or triple 
bonds occur. Furthermo: addition al- 
ways leads to the formati f less highly 
unsaturated compounds 

Undoubtedly, the simp! « example of 
an addition reaction is tha’ of the forma- 
tion of alkanes by the addition of hydro- 


gen to alkenes and alkynes. This impor- 
tant process is called hydrogenation. A 
catalyst is required to make the addition 
take place, and this generally takes the 
form of powdered nickel, platinum, or 
palladium. The following equations illus- 
trate the mechanism: 
ji | d 
S C=C e Hs ES, ao = 
Ni | | 
— C=C — +2H, — H—C—C—H 
HH 

One of the many applications of the 
hydrogenation reaction is seen in the 
hardening of oils, A valuable industry '§ 
based on the transformation of fish an 
vegetable oils—liquids of little commer 
cial value—into marketable solid fats. On 
of the most worthy products is margarine, 
which provides a low-cost source of fat 
necessary in the human diet. 


The halogens and their acids represent 


other substances that are readily added 
to uns ited bonds. In these instances, 
the pro are chlorinated solvents and 
some cides. 
| | 
N( Br; —9 Br—C —C — Br 
EC 2Br; —> Br—C —C —Br 
Br Br 

At it, it must be noted that 
halog: »y addition to unsaturated 
bonds bstantially from halogena- 
tion re with saturated compounds, 
even t e same products often ob- 
tain. Ir ilkanes are subject only to 
substit: ictions, where one or more 
hydro; : are replaced by halogen 
atoms re these reactions: 
CH;- ‘s+ CH,-CH; + 2HCI 

Cl Cl 
CH, Cl.  CH,—CH2 
cl Cl 

In qi ` analysis, the addition of 
bromi: drocarbon quickly estab- 
lishes « or not the compound is 
unsatu: emental bromine has an 
intense or, and solutions contain- 
ing it re eddish even in extreme di- 
lution. ^ ith an unsaturated hydro- 
carbon nine reacts and the color 
disappe is is not the case with sat- 
urated | rbons. It must be stressed 
that suc only qualitative, and 


then on! limited way, for a few un- 


saturated compounds do not react with 
bromine ! some organic compounds 
are not hydrocarbons at all, but do react 
with bromine. Nevertheless, such tests 


can serve as guideposts. 

: One of the most important alkene addi- 
tion reactions is that of the dimerization 
of isobutylene. When dissolved in sul- 
furic acid and heated for one minute at 
100° C (212° F), isobutylene becomes an 
Isooctene, and from this is obtained iso- 
octane via hydrogenation. 


numerous practical applications. The equip- 


BROMINATION—Halogens such as bromine 
ment shown here is used in the laboratory for 


are easily added to unsaturated compounds, 
and this leads to a host of new materials with 


performing a bromination reaction. 


ne 


parts isooctane and 20 parts n-heptane 
(whose octane number is zero, also by 
definition ). 

The tendency of the lower alkene mol- 
ecules to become added to one another, 


Isooctane is of tremendous importance 
to the automotive industry. When used as 
a motor fuel, isooctane displays excellent 
antiknock properties. By definition, iso- 
octane has an octane number of 100, and 


E. fis M Pina it 
NCH; N CHa 
CH; CH; 
CH,-C— cn, 6 — cn, s 
d YR 


CH; CH; 
| 
CH;-CH-CH;-C-CH; 
l 


CH; 


is the basis for designating all fuels in 
terms of octane rating. Thus, when a 
given fuel is said to have an octane rating 
of 80, its antiknock characteristics are the 
same as those of a mixture containing 80 


under the influence of certain catalysts, 
with the formation of long polymer 
chains, represents another aspect of the 
reactivity of double bonds. In particular, 
two polyolefins are of outstanding indus- 
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5a 


5b 


DIENES—The dienes are a series of com- 
Pounds characterized by two double bonds in 
the molecule. Illustration 5a shows the struc- 
ture of allene, the first member of the series. 
Butadiene-1,3, shown in Illustration 5b, is one 
of the most important intermediates in the 
manufacture of synthetic rubber. The com- 
plex molecule in Illustration 5c represents one 
of the cyclic dienes, and is typical of those 
found in plant oils. 


trial importance. These are polyethylene 
and polypropylene. 


DIENES 


This type of organic compound is charac- 
terized by molecules that contain more 
than one double bond. Specifically, those 
containing two double bonds give the 
name to the entire species, the dienes. 

The dienes are further classified into 
three groups according to the positions 
of the double bonds within the molecule. 
Those compounds having adjacent dou- 
ble bonds are the allenes, with the first 
member of the group being propadiene, 
CH5-C-CH;. Next, if the double bonds 
are separated by a single bond, the com- 
pounds are called conjugated dienes. Last 
are the isolated dienes in which the pair 
of double bonds is separated by more 
than one single bond, 

Of the three groups, the conjugate 
dienes are the most important for several 
reasons: they are very reactive; they are 
structurally related to a large number of 
natural substances; and, they have many 
industrial applications. 

The first and simplest member of the 
series is butadiene, CH;-CH-CH-CH;,. 
Its most notable derivative is isoprene, or 
2=methyl=1,3=butadiene, 


CH;-C-CH-CH,. 
| 
CH, 


A striking feature of the diene synthesis 
is the ease with which it can be effected 
without the use of powerful chemical 
reagents. Study of the reaction has con- 
tributed greatly to the knowledge of 
polymerization processes by which valu- 
able plastics have been obtained. 

The isoprene skeleton appears in many 
natural substances; the prime example is 
natural rubber. Originally, this substance 
was thought to be formed from five or ten 
isoprene molecules condensed into a ring. 
It is now realized that the structure of 
natural rubber consists of hundreds of 
linearly polymerized isoprene molecules. 

Because isoprene is so widely spread 
in nature, many natural compounds have 
carbon atoms numbering in multiples of 
five. In fact, observation of their struc- 
tures indicates derivation from the union 
of several isoprene molecules, 


ISOTACTIC POLYPROPYLENE 


is no limit to the number of alke 
that can be added together, the 
dustry has created macromolec\« 


a compound is isotactic polyp 
tactic refers to the fact that 

groups are on the same side o 
chain of this synthetic materia 
tice, be prolonged indefinitely 
succession of polymerization : 
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hemical in. 
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the methyl 
© chain). A 
n, in prac- 
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ions. 


THE POLYMERS | 


Alth« macromolecular chemistry is 
a rel iv new field of research, it has 
alread: attained great importance and 
sophi on. Polymers are macromole- 
cule consist of repeating units 
(mc and that have an enormous 
ran; \ctical applications. They are 
used sives, utensils, satellites, and 
spac: ertain synthetic textile fibers 
and ;lastic and synthetic rubber 
prod made up of polymers. 

Al ers have high molecular 
weig! y are formed by the union of 
many fundamental units (mono- 
mers umber of monomers uniting 
defin degree of polymerization of 
the re substance. Polymers, there- 
fore, : classified by their molecular 
weig! polymers are those with a 
mole ight of less than 1,000; me- 


MOLECULAR 


MODEL OF AN ISOTACTIC 
POLYSYVAENE—If the monomer units of a 
polymer cain are arranged according to a 
Certain rule, the polymer is said to be tactic, 
from t Greek meaning "put in order." If 


there is no spatial ordering of the units, the 
Polymer is said to be atactic. Isotactic and 
Syndyotactic polymers are types of tactic 
Polymers. A polymer is isotactic if the mono- 
mer units are asymmetrical and arranged in 
Such a way that any two successive units 
(subject to rotation and translation) can be 
exactly superimposed. 

In syndyotactic polymers, an appropriate 
rotation and translation of any one unit must 
turn that unit into a mirror image of the next 
unit. Polystyrene is formed by polymerization 
of styrene: 


s hee 
NF 

CH=CH. ch” GH dk N 

n 7 PEE DE 
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Polystyrene has a low specific weight and is 
Worked easily; however, it is highly flammable. 


chemistry of the 
macromolecules 


dium polymers have a molecular weight 
of from 1,000 to 10,000; high polymers 
can reach a molecular weight of around 
1,000,000. 

Polymers are formed by condensation 
or addition reactions. In condensation re- 
actions, the binding together of mono- 
mers is accompanied by the elimination 
of secondary substances. Polymerization 
by addition always involves unsaturated 
molecules and the resulting polymers 
have a molecular weight that is an ex- 
act multiple of the molecular weight of 
the basic monomer. 

Monomers and polymers are repre- 
sented as: 


E 

M—M-M-M-M 

If a polymer is made up of n mon- 
omers, it is represented as: 


(—M—)a, 


where n is the degree of polymerization. 

In practice, not all the molecules of 
a polymer have exactly n units and the 
molecular weight is, therefore, always an 
average—or statistical—weight. 

For molecules to polymerize, they must 
have at least two atoms (or groups of 
atoms) capable of entering the reaction. 
Without two reactive sites, only dimeri- 
zation can occur: 

M-+-M 

With two reactive sites, the resulting 
polymer is a linear macromolecule—a 
chain of polymers in which the head of 
one monomer is joined to the tail of 
another (this is the kind of polymer that 
yields fibers). 

With three reactive sites on each mon- 
omer, three-dimensional polymers are ob- 
tained: 


( eee 
(polymer). 


M-M. 


-M- -M-M- 


A copolymer is one formed by the 
union of two or more different monomers. 
The monomers are arranged along the 
chain, their position depending on their 
reactivity and the conditions of copo- 
lymerization (percentage of monomers, 
or solvent, are contributing factors). A 


random succession could result: 


-C--4-D- 

> -C-D-D-D-C-C-D-C-, 
or a succession of alternate monomers, or 
monomers with a block or bridge ar- 
rangement. The properties of a copoly- 
mer depend on many factors. By chang- 
ing the conditions of polymerization, 
products with different properties can be 
obtained. 

Heteropolymerization is an addition 
polymerization. Two or more molecular 
species are involved, one of which will 
not polymerize by itself. Usually a double 
or triple bond is needed in the monomer's 
structural formula in this process to form 
units in high polymers. 


POLYMERIZATION BY 
CONDENSATION 


Monomers are condensed by the elimina- 
tion of simple molecules (such as water). 
A condensation of this type leads to the 
most important product in food packag- 


MOLECULAR MODEL OF AN ISOTACTIC 


POLYALPHA BUTENE — This polymer (and 
others of the polyalpha olefin series) are pres- 
ently the subject of extensive research. 
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THERMAL HARDENING AND THERMOPLAS- 
TICITY—A three-dimensional polymer is de- 
rived from monomers with three active sites. 
Each molecule of the polymer can have re- 
active centers. In an early stage of polymeri- 
zation, such a polymer is soluble in common 
solvents and will soften and fuse when heated. 
The molecules in the fused state react with 
each other, increasing the molecular weight. 
The polymer thus hardens in an irreversible 
manner, becoming insoluble and unfusible, 
Such polymers are said to be thermohardened. 

Polymers without reactive sites cannot cre- 
ate bonds between the chains. These, there- 
fore, remain soluble and melt on being heated. 
The illustration shows a bottle made from a 
thermoplastic material and a cup made of 
thermohardened material. The cup can be 
used as a container for hot liquids; the bottle 
cannot. 


THE EFFECT OF HEATING—A thermohard- 
ened article is made by heating thermohard- 
ening molding powders, which have a low 
degree of polymerization. The powder softens 
and can be molded into the desired shape. 
The object produced is then hardened by 
being kept at a certain temperature for a 
time. Thermoplastic molding powders are 
heated to fluidity in a mold and then allowed 
to cool. The properties of these two kinds of 
objects are different, as shown in the illustra- 
tion. The heated bottle has softened; the cup 
is unaffected. 


ing: cellulose, a polymer in which glu- 
cose is the monomer: 


H CH;OH 
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H C OH 
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The formation of cellulose polymers from 


Ee Sor to 


6,6 is obtained by condensation of hexa- 
methylenediamine and adipic acid (the 


 HgN(CH;), NH: - 


Nylon 10 is obtained from the polycon- 
densation of the amine of undecanoic 
acid, H2N—(CH:3);,-COOH, which po- 
lymerizes as follows: 


nNH;-(CH;),,-COOH 
2NH- ( CH;) 10-CO-NH-( CH» ) 10-CO 
+H,0 +H:0 


Wool and silk are natural fibers of ani- 
mal origin. Their fundamental constitu- 


| 
R 


| 
R +H,0 


THO 


Wool polymers contain the amino acid 
cystine, which is not found in silk. Sev- 
enty percent of silk fibers are made up 
of amino acid monomers, for which 
R=H or CH;. These monomers are not 
found in wool. 


In condensation polymerization reac- 


PN 
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HO|OC —(CH;),— CO[OH] 
-HN (CH;);NH-CO- (CH;),-CO-NH-(CH;),-NH- 


H;N-CH—-COOH + H:N-CH-COOH 4-- - - > 


C WU Y NEN RE --- 


The paper industry and arti’ cial textile 
fiber industry are based on ulose. 
Artificial fibers are mad: »m poly- 
mers that already exist in ire. Syn- 
thetic fibers are those whol’ »roduced 
by chemical synthesis. Ma le fibers 
are used separately, togeth s blends, 
or in combination with na! ibers, 
One of the most import ynthetic 
polymers is nylon, in all its is forms, 
such as nylon 6, nylon 6,6, iylon 10, 
Nylon 6 has six carbon ato 1 the lac- 
tam that is its starting mo r. Nylon 


o AOE HO — 


H 


on atoms 


acid). 


numbers 6,6 indicate the si» 
of the diamine and the six o 


HigN(CH 


ents are the amino acids general 
formula for an amino acid 
H3N-CH-COO 

| 

R 
where R represents a group or lateral 
chain that specifies the amino acid. Ami- 
no acids condense to form polypeptides, 
the protein macromolecules that form the 


basis for all living organisms: 


| 
R 


R +H,0 


tions, the monomers are mixed with the 
catalyst—if any is required—in an aque- 
ous medium or in particular solvents 
such as ethyl alcohol. Appropriate equip- 
ment, temperature, and pressure must be 
applied. It is possible also to fuse the 
mixture of monomers and catalyst and 


CHLORIDE FIBERS — Polyvinyl 
obtained by polymerizing vinyl 
ihe presence of suitable catalysts 
ər persalts). The starting product is 
h acetylene and vinyl chloride as 
products. Ethylene also can be 
raw material, with dichloroethane 
oride as intermediate products. 
ph shows polyvinyl fibers in 
t. (250 X) 


EXTRUSION—Extrusion is the process that 
turns the molding powders into threads, tubes, 
laminas, and similar linear forms. The photo- 
graph shows extrusion of a colored plastic 
Sheet, from molding powder contained in the 
hopper. 


carry the reaction into the gaseous state. 
POLYMERIZATION BY ADDITION 


Monomers that polymerize by addition 
are molecules with weak linkages. The 
olefins, which contain the double bond 
C=C, are an example. The double bond 
is activated at lower energy thresholds, 
thus opening more easily and enabling 


the monomers to join together in a long 
chain. Another example is ethylene. 
When heated under pressure in oxygen, 
ethylene yields a compound called poly- 
ethylene whose degree of polymerization 
can be as high as 20,000. 


heat 


nCH,-CHs 


n—CH; 


pressure 
— —CH;-CH;-CH»?-CH;- 


This polymer (commonly known as poly- 
ethylene) is used in cable insulations and 
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Almost all addition polymerization reac- 
tions need a catalyst to initiate the reac- 
tion. The polyvinyl chloride reaction uses 
peroxide, which is transformed into a 
free radical (a group containing an un- 
paired electron) and initiates a chain 
reaction 


peroxide— Rad 
Rad+ agi > Rad SUR 


cl cl 


Rad CH;-CH + SPUR 
à C 
Rad "ur wu Dr etc. 

1 cl 
These reactions can be catalyzed also by 
Lewis acids (giving rise to carbon ca- 
tions), or by light (giving rise to free 
radicals). Polyvinyl chloride is used to 
make paints and phonograph records. 
Another important polymer formed by 
addition is polypropylene. The monomer 
for this is propylene CH;—-CH—CH:2—. 
Addition polymerization reactions can 
be carried out in a fused (monomer and 
catalyst) state, in a gaseous state, in so- 

lution, or in suspension. 

Polymers are substances of great vari- 
ety and usefulness and occur widely in 
modern living. Although most are highly 


in many domestic and industrial prod- 
ucts. 

The polyvinyls are another important 
class of polymers. These contain the vinyl 
group CH,=CH-. The general formula 
for the monomer is 


has fne 
R 


where the R group is the distinguishing 
factor. R can be a halogen or a radical 
such as —CN or —CH;. 


durable in use, they are subject to de- 
gradation. 


TENSILE TESTS OF POLYPROPYLENE—Iso- 
tactic polypropylene has a melting point in the 
neighborhood of 170? C (338? F) and can be 
used up to 140? C (284? F) without under- 
going alteration. It is an excellent dielectric 
and has high tensile strength and surface 
hardness. The illustration shows threads of 
various diameters and types being tested in 
tension. Polypropylene is used in textile fibers 
and film. 


53 


54 


THE APPEARANCE OF ISOTACTIC POLY- 
PROPYLENE—The two articles in the illus- 
tration are resting on blocks of unmolded 
polypropylene, similar to those from which 
they were made. 


EXTRUSION OF BASKETS—The photograph 
shows an extrusion machine making poly- 
propylene baskets. The polymer becomes 
homogenized as it passes through regions of 
the machine where appropriate temperatures 


DEGRADATION OF POLYMERS 


Degradation is the breakdown of a poly- 
mer chain by physical or chemical ac- 
tion, reducing the degree of polymeriza- 


| 
R 


If carried to the limit, this degradation 
can reduce the cellulose polymer to its 
constituent glucose monomers. In a true 
homogeneous hydrolysis, however, a 
quantitative recovery of glucose is not 
observed since there is a tendency for 
the glucose molecules to recombine to 
reform a polymer that is not cellulose 
but is definitely a polysaccharide. 

In partial hydrolysis of cellulose, the 
degraded products are known as hydro- 
cellulose. A wide variety of these can be 
prepared; their properties are determined 
by the conditions of the hydrolytic treat- 
ment. In general, degradation of cellu- 
lose by acids is accompanied by a de- 


and pressures are maintained. The fused mass 
is then forced through the orifice and extruded 
in the form desired. 

THE PRODUCTION OF MULTIPRENE—Multi- 
prene, an expanded polyurethane, is shown 


n CH=CH —~ —CH,—C—CH,—C—CH2—C—CH;— 
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tion. An example is the 
degradation of cellulose. Wh 
ural polymer is heated in à: 
tion it hydrolyzes, with a b: 
the oxygen bridge bond. 


crease in viscosity and in ten 
by an increase in reducing ; 
solubility in aqueous alkal 
can be degraded also by oxic 
by mechanical action, by he: 
various organisms. Many ba 
and protozoa cause decompo 
lulose with the ultimate p 
carbon dioxide and water. 
While a slight depoly: 
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cal and mechanical prop: 
mers (such as strength a 
are closely related to the c! 
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paring a polymer of low molecu 
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Macron ular substances are the result 
of conti: us reactions among simple 
molecul: hese substances are devel- 
oped fr iain reactions among mole- 
cules th ve particular characteristics 
of reacti Many macromolecular sub- 
stances ound in nature: natural rub- 
ber, wool. «ilk, and cellulose. 

A mac solecular substance—or poly- 
mer—is a assembly of molecules, each 
one form! by the union of a large num- 
ber of sinple molecules (monomers). 
The aggre: ste has a high average molec- 
ular wei; 

Study «id research in the last few 
years hay. resulted in the creation of a 
considers number of new polymers. 
Progress |. such that a suitable polymer 
has been ted for nearly each specific 
use, Mo: the polymers produced are 
used in * « molding of toys, containers, 
and simi! rms, Some are used in spe- 
cialized i: | \stries for the manufacture of 
compone or boats, aircraft, and auto- 
mobiles, © | \er polymers have the prop- 
erty of r ing the attacks of aggressive 
chemical nts; these are employed as 
essential voris of chemical plants and 
equipmen. Some polymers are transpar- 
ent and ar> replacements for glass; others 
are used in the manufacture of artificial 


and synthetic textiles and leathers. 

Polymers can be divided into two large 
categories, according to the reaction lead- 
ing to their formation. These classes 
are condensation polymers and addition 
polymers. 


CONDENSATION POLYMERS 


In general, any molecule having at least 
two reactive groups is capable of giving 
rise to the formation of polymers. The re- 
action mechanism (known as polycon- 
densation ) is analogous to any condensa- 
tion reaction between the reactive groups 
of two different molecules, These reac- 
tive groups unite and eliminate water— 
or some other substance—as a secondary 
product. If two different molecules are to 
produce polycondensation (for a com- 
pound with a high molecular weight), 
both of them must have at least two re- 
active groups. For example, a dicarbox- 


ylic acid can react with a glycol to form 


o o 
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a polyester macromolecule. 
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HOC—(CH;); 
dicarboxylic 
acid 
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COH + HO—(CH2)m 
glycol 


OH > 
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> HOC—(CH),—CO—(CH;),—OH + H:O 


dimer 
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HOC—(CH;),—CO—(CH;),—OH + HOC—(CH:),—COH + 


o 
|l 


| | 
> HOC—(CH),—CO—(CH)—OC—(CH;),—COH +H:0 


trimer 
[9] (0) [9] 
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| I I 
HOC—(CH;) ;—CO—(CHg) j—OC—(CH2),—COH + HO—(CH;)m—OH —> 


o 


| I I 
— HOC—(CH;),—CO—(CH2) m—OC—(CH:) »—CO—(CH:)m—OH + H,O 


tetramer 


The reaction in which the polyconden- 
sate is formed proceeds by successive 
stages. The condensation occurs between 
the acid reactive group (—COOH) and 
the alcohol reactive group ( —OH ). It is 


accompanied by the formation of water 
and leads to the production of a chain. 
This chain gradually attracts two, three, 
four, or more molecules to subsequent 
union and leads to the formation of di- 


a 


PLANT FOR THE PRODUCTION OF TERITAL® 
—This illustration shows a portion of an indus- 
trial chemical plant for the production of 
Terital®, which is the commercial name for 
a polymer employed as a synthetic textile 
fiber. It is prepared by means of a condensa- 


1 


tion reaction from terephthalic acid and ethyl- 
ene glycol. Shown is the section of the plant 
where the finished product is conditioned, 
prepared, and shipped. The size of the tanks 
can be gauged by the height of the man in 
the lower right corner of the photograph. 
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mers, trimers, tetramers, and so forth. By 
this process, the molecule grows until it 
becomes long; consequently, it develops 
into a molecule of high molecular weight. 

In addition to the polymers that develop 
in a linear manner (such as described 
above), polycondensation products can 
have a three-dimensional development. 


glycerine phthalic anhydride 


ur d 
| 


In such a case, at least one of the reacting 
monomer molecules must have more than 


two reactive groups. 


A polymer with a three-dimensional 
structure is obtained by means of the 
polycondensation of phthalic anhydride 
with glycerine. This process is shown 


below. 
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glycerophthalic 


A peculiar characteristic of the poly- 
condensation reaction is that it proceeds 
by successive stages. The greater part of 
the reacting mass at each stage is made 
up of molecules of the same length— 
molecules of the same degree of polym- 
erization. Each molecule then grows in 
the same manner during the next stage, 
by the addition of another monomeric 
unit. The formation of a polymer is thus a 
gradual process. 

If growth of a polymer is to continue 
until a technically useful product of high 
molecular weight is obtained, the react- 
ing monomers must be extremely pure. 
The presence of impurities always gives 

rise to secondary reactions that bring the 
elongation of molecules to a halt. 

Polycondensation—like all other con- 
densations—is an equilibrium reaction. 
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resin 


Therefore, the secondary product (usu- 
ally water) is removed so that the desired 
polymer is the sole product. Moreover, 
the reaction proceeds faster if the water 
is removed rapidly. Industrially, this dic- 
tates that the secondary product be re- 
moved as quickly as it is formed. 


ADDITION POLYMERS 


The reaction leading to the formation of 
addition polymers (polyaddition) differs 
from polycondensation. Polyaddition does 
not involve the formation of any second- 
ary product. If a molecule is to be able 
to give rise to the formation of a poly- 
mer, it must contain at least one double 
bond. The polyaddition reaction consists 
of the union of monomer molecules in 
place of the double bond, resulting in a 


POLYSTYRENE—The polysty 
obtained by means of the p 
styrene, or by the copolym: 
monomer with other substan: 
obtain polymers with particula: 
The polystyrene resins consti! 
plastic materials of great in 


resins are 
^rization of 
ion of this 
n order to 
racteristics, 
a group of 
ince. They 


have an appearance similar t of glass— 
hard and transparent. They be readily 
colored and formed into the d d shape by 
extrusions or injection moldin 

Illustration 2a shows a plan: the produc- 
tion of polystyrene. Illustrat > shows a 
product made from polystyre: sins. 


s no satu- 


is kind of 


polymer whose chain co: 
rated bonds. An example 


C,H;—CO-O-« 


The polyaddition reaction proceeds ac- 
cording to a mechanism involving free | 
radicals. The first stage of the reaction is | 
the formation of free radicals, These are 
formed by the decomposition of labile 
molecules, through the effect of heat or 


C,H;-CO-0-0™ 
or c.H,-C0-0-00 


The free radicals formed in this de- | 
composition ( CCH;—CO-—O- C.H; ) geg 
rise to the second stage of polyaddition 


cue 


C.H;—CO-O* + 


The product of this reaction—once 


bond of another styrene molecule, molecular chain, which is represented by 
thereby causing the growth of a macro- the following structure. 


(n + 2) Rd — —CH—CH,—(CH—CH;),—CH—CH; 


polystyrene 


The polyaddition terminates as a result of collision of two free radicals, which are 
the deactivation of the activated mole- then united by means of a coupling 
cules. This can be brought about by the mechanism shown below: 


2 C,H;-CO-O—-CH;-CH-CH;-CH-...— 
| 
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> C4H;-CO-O-CH;-CH-CH,-CH- —CH;-CH-CH;-CH-O0-CO-C4H; 
| 
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or by means of a disproportionate mecha- one of the radicals to the other. 
nism in which an H * is transferred from 


2 C,H;-CO-O-CH;-CH-CH;-CH 


reacti ie formation of polystyrene, 
repre below. 


H;-CO-« ;—CH-CH;-CH: 
à > C;H;-CO-O-CH;-CH-CH-C- H + (enu GU OE PUER ENSE 
l | | ! 
O ô Ô 
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light. The substances giving rise to free 
radicals are known as initiators and can 
be of various kinds, although peroxides 
are generally used. An example is ben- 


This schematic representation of the further by capturing free radicals, which 
deactivation process highlights the for- break them, and attaching themselves at 
mation of double bonds in the mass of the (a) or (b), as shown in the structure 


d: act below. 
Zoyl peroxide, which decomposes in the polymer ese ho bonde; din war be 


following manner: 


C&4H;—CO—O—CH—CHy CH—CH;—C- CH; —- 


H;»2CH,-CO-O* 


Hs > 2 C,H;---2 CO, » YY l / 
(b) 
; —À» (H,—CO—O0—CH—CH;-. ...—CH—CH;—C—CH: (a) 
reaction—the growth stage. The free rad- | | | 
icals attack the double bond monomer AN £N f£ 
and become attached to it. Jl 
ached to ii J NN 


1,-CO-0-CH,-CH- 


It is therefore possible for a polymer Lastly, the deactivation may occur as 
chain to become lengthened by means of a result of the interaction of the free rad- 
the position bond at (a), and branched ical with a monomer molecule, ora sol- 
by the formation of ramified chain poly- vent molecule (if one is present). This 57 
again an active one—attacks the double mers by means of the bond at (b). type of deactivation forms a new free 


radical] for every macromolecule that when the monomer molecule contains at The polymers—whether they are ¢ 
stops growing, such a radical is capable least two double bonds. An example of densation or addition poly:mcrs—are 
ol inducing polymerization, Also, poly- this is provided by divinylbenzene, which uniform, but are mixtures of molecules 
addition can give rise to polymers witha polymerizes in the manner illustrated having chains, The lengths of y 
three-dimenstonal structure; this happens below, chains vary within a certain range 
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lecules belonging to the same 
series, The physicochemical 
of the polymers are de- 

t only by the nature of the 
* monomers) from which 


they are derived, but also by the struc- 
ture of the macromolecule that is formed. 
Polymers with a linear structure are ther- 
moplastic (softening as the 

increases ); polymers with a three-dimen- 


sional structure are thermosetting (as- 
suming an increasingly solid structure 
until they become hard and can no longer 
be molded ). 
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polyethylene (CH;-CH;), 
polystyrene Jap ce 


nylon 6. (N-(CH;);-C), 
| ll 
H (0) 


natural (CH5-CH-C-CH;), 
rubbers 


PHYSICAL CHEMISTRY 


OF POLYMERS | 


Many diverse materials actually have sim- 
ilar physical, chemical, and structural 
properties, Included in these are impor- 
tant industrial products such as rubber, 
paints, fibers, and plastics. The feature 
all have in common is that they are com- 
posed of macromolecules—molecules with 
enormous dimensions when compared 
with common molecules such as those of 
water or acetone. These substances are 
also called polymers, because they con- 
sist of many relatively simple chemical 


CH; 


| 
CH; 


CH, 


The n index of commercial polymers is 
of the order of several thousands, The 
molecular weight is consequently several 
thousand times that of the corresponding 
monomer, 

Applications of the various types of 
polymers relate to all of their several 
properties—their chemical, physical, and 
mechanical behavior, Compared with 
more traditional materials, the polymers 
display special properties that have re- 
sulted in a wide and expanding useful- 
ness. One of their most outstanding fea- 
tures is elasticity. This can be appreciated 
by comparing the values of Young's mod- 
ulus in various materials: 


D ——— Án à 
Ex 10-1 
Material (dyne/cm?) 
— É—N 


steel 220 
glass 70 
polystyrene 34 
nylon 2 
polyethylene 0.24 
rubber 0.002 


es 


—CH,CH=C-CH.— 
l 


the effects of 


units called structural units. A polymer 
is, therefore, identified on the basis of the 
chemical formula of its structural unit, 
and by an index n, which indicates the 
number of times that this structural unit 
appears in the molecule. 

The molecules from which the polymer 
is obtained are called monomers, because 
each molecule corresponds to a single 
structural unit, 

Some of the more common polymers 
are listed below. 


ethylene CH=CH; 
styrene CH=CH, 

l 

CH; 
caprolactan H-N-(CH;);-C-OH 


[ li 
H o 


isoprene CH53-CH—-C- CH, 
| 
CH; 


In addition to the characteristic of 
elasticity, most polymers have a specific 
gravity (mass per unit volume) vary- 
ing between one and two grams per 
cubic centimeter-much lower than that 
of materials such as glass and metals. 
This makes the use of polymers advan- 
tageous economically and particularly 
desirable in cases where the weight fac- 
tor is of fundamental importance. 

The low thermal and electrical conduc- 
tivity of polymers makes them extremely 
useful as insulating materials, although 
they have some undesirable character- 
istics that limit their application in this 
area. One of the principal disadvantages 
of polymers is the limited temperature 
range in which they can be employed. 
Generally, the maximum temperature at 
which they are useful—even in the most 
favorable cases—is less than 250° C 
(482° F). 

The macroscopic properties of poly- 
mers depend on a combination of differ- 
ent factors, including those listed below. 

1. the type of structural unit 

2. the molecular weight 


macromolecular structure 


3. the spatial arrangeme! f structural 

units in the molecule 

4, the spatial arrange of the 

chains in the mass < e polymer 
(termed "packaging" 

The various physical chemical 
characteristics are reflecte he behay- 
ior of the polymer, res: ^z in sub- 
stances having different ; erties and, 
consequently, different ap; ^ ations, For 
example, in the series of vi polymers 
of the form 

Ri 
| 
-C-CH»-n, 
| 
Ra 
the behavior of the mate: aries with 
the chemical nature of thc ituents Ry 
and R, and, therefore, ac ng to the 
different forces exerted | en atoms 
belonging to different pa: the same 
chain (or to different cha This var- 
iance can be substantial. |: .. CH and 
R.=COOCHs, the result olymethyl 
methacrylate (Plexiglas®) «ell known 
for its transparency, rigidit room tem- 
perature, and resistance t mospheric 
agents. The characteristics of this sub- 
stance make it a suitable substitute for 


glass. If, however, Ry=H and R;-OH, 
the result is polyvinyl alcohol, the prin- 
cipal characteristic of which is solubility 
in water and insolubility in organic sol- 
vents, 

The factor that most determines the 
unique characteristics of a polymer is its 
molecular weight. As molecular weight 
increases, the physical and mechanical 
properties vary from those of a fairly vis- 
cous liquid to those of a rigid solid. This 
is illustrated by the following table for 
the polymer polyethylene: 


Molecular 
weight ~ 


Number of 
structural units 


When the molecular weight increases 
above a certain value, the properties of 
nain constant. Because of 


a polymer 

this, it is particularly important that the 
product obtained in a process of polym- 
erizatio: ve a molecular weight in 
excess ıt certain value, It is also im- 
portant luring the reaction leading 
to for of a polymer, factors be 
presen: ve rise to different values 
ofn k arious chains. 


The: ır weight of a mass of such 


molec ally an average value. It 
is quit: for different distributions 
of n to e same average molecular 
weight same average molecular 
weight roduct having the larger 
percen molecules with small n 
value 1 to have inferior proper- 
ties. T lymers made up of the 
same st | unit and having the same 
molec: sht may differ because of 
the ma which the units are united 
to form in. An example is a vinylic 
polym« type 
;H-CH»7 
R n 
The uni vo successive units can oc- 
cur in s nanner that the terminal 
part of s with the initial part of 
the oth: cad-tail union): 
CH,-CH-CH;- 
| 
R 

or in suc! that the units are joined 
by their ıl or initial parts (head- 
head or tai)-:il union): 

EX CH,—CH,—CH— 


[ | 

R R 
In general, the head-head union occurs 
rarely-compared with the  head-tail 
union—but the presence of a number of 
these abnormal bonds can lead to varia- 
tions in the characteristics of the polymer. 
In addition, the spatial orientation of 
the R-group with respect to the plane 


Characteristics of the 
product at room temperature 


gas 
liquid 

wax 

hard resin 


hard resin 


STEREOREGULAR POLYMERS—1n Illustration 
1a, an isotactic polymer, the R-groups (indi- 
cated as red spheres) are all on the same side 
of the plane containing the carbon atoms of 
the molecule. 

In Illustration 1b, a syndiotactic polymer, the 


R-groups are alternately on either side of the 
plane containing the principal chain. 

Illustration 1c shows the R-groups oriented 
in a random manner with respect to the princi- 
pal chain, Such polymers are atactic. 


containing the principal chain can differ 
and give rise to polymers with differing 
properties—even though they correspond 
to the same chemical formula. Such poly- 
mers are known as stereoisomers, quali- 
fied as isotactic, syndiotactic, or atactic, 
according to the various orientations of 
the substituents. 

The possibility of crystallization de- 
pends on the regularity of the molecular 
structure. Generally, the atactic polymers 
do not crystallize and the isotactic poly- 
mers have the greatest capacity for crys- 
tallization, Because the greater degree of 
crystallinity corresponds to the greater 
values of density, hardness, and softening 
point—as well as to lower solubility—it is 
important to perfect stereospecific meth- 
ods of polymerization (methods to obtain 
products of isotactic or syndiotactic type, 
rather than atactic products). 

Another example of the way the geom- 


etry of structural units influences the 
properties is found in the polydienes 
is veri m ida 
R n 


in which the structural unit can assume 
two different spatial configurations 


CH; ^^^. 
/ 


anan CHs 


cis- 
^^. CH; H 
S / 
C=C 
"A SN 


R CH: A 
trans- 


to which correspond two products of 
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POLYMER CHAINS—IlIustration 2a shows how 
the structural units in a linear polymer are 
bound together, forming a chain. The length of 
this chain is great when compared with its 
thickness. Such polymers are soluble and 
thermoplastic. 

In Illustration 2b, a branched polymer is 
shown. In this polymer, chains of shorter 
length branch off from the central chain. The 
properties of such a polymer differ greatly, 
according to the number and length of the 
ancillary chains. Generally, the solubility of 
polymers diminishes as these ancillary chains 


are increased; they also become less work- 
able. 

Illustration 2c represents a lattice polymer. 
The principal chains in this type of polymer 
are interconnected by means of transverse 
bonds. These bonds prevent the chains from 
separating; as a result, the polymer is no 
longer soluble. Moreover, the elastic properties 
of such a polymer change with the number of 
transverse bonds in each chain. This means 
that a polymer so constructed can vary from 
à viscous liquid, to a solid with pronounced 
elastic properties, to an extremely rigid solid. 


ee 


quite different characteristics, 

For example, when R= CH;, the cis- 
form gives rise to natural rubber, well 
known for its elastic properties; the trans- 
form, on the other hand, gives rise to the 


hard, tough substance called gutta- 
percha. 

Differences in geometry are not con- 
fined to the structural units; these units 
also can be grouped in different manners, 


The various groupings y 
polymers, branched poly: 
polymers. A polymer alw: 
number of chains and th 


duce linear 
, Or lattice 
has a large 
ysical state 


of the product depends o spatial ar- 
rangement of these chain: 

In general, the physica! te of a com- 
pound is determined by { pe and the 
magnitude of the forces =e cohesive 
forces) exerted between molecules, 
These forces can be divic into differ- 
ent types: dispersion fc inductive 


forces, and hydrogen bor 
Every molecule has : 
tribution of electron chai 
may be distributed eith« 
or asymmetrically aroun: 


ticular dis- 
Chis charge 
nmetrically 
1e nucleus, 


When the distribution of charge in a 
molecule is not symmet: is in polar 
molecules), the center of t distribution 
of the electron charges doc iot coincide 
with the center of the pos ive charges. 


Such a molecule has a per: nent dipole 


moment. 


The permanent dipol ments can 
create induced moments ther mole- 
cules, altering the elect: listribution 
of these molecules. More even when 
the electron distributio: symmetri- 
cal, instantaneous dipole vents result 
from momentary fluctuati« of the elec- 
tron distribution. Interac’ os between 
dipoles are of different ty dispersion 
forces (interactions betw: nstantane- 
ous dipoles); dipole forces | 'ateractions 
between permanent dipol: ind induc- 


tive forces (interactions be’ cen dipoles 
and induced dipoles). 

A type of bond stronger than those so 
far mentioned—although weaker than à 
true chemical bond—is the so-called hy- 
drogen bond. This can be represented by 
the general formula A—H . . . B, and can 
exist between a hydrogen atom covalently 
bound to a strongly electronegative atom 
(A) and an electronegative atom (B) no! 
directly bound to the hydrogen atom. 

All the forces together determine the 
distance between the molecules at 9 
given temperature and this distance i5 
responsible for the physical state of the 
substance, 

In polymer chains, the regularity of the 
arrangement of structural units along the 
chains can be decisive in ensuring thet 
the forces will be exerted in the desire 
manner. This arrangement, therefore, has 
an important influence on the consistency 
and characteristics of the polymer. 


AROMATIC COMPOUNDS 


Benzene, an important compound whose 
molecules 2:¢ hexagonal ring structures, 
was discovered by the English physicist 
and chemi lichael Faraday. Benzene 
is the basic material for a vast range 
of products.) fact, organic chemistry is 
much in de’ to benzene. Thanks to the 
chemical y rties of the benzene mole- 
cule, whic! der it suitable for a large 
number o! tions, it constitutes the 
basis for th. tire organic chemistry of 
aromatics. 

PHYSICA! )PERTIES 

Benzene is lorless liquid that boils at 
80.1*C (ab 176° F) and crystallizes 
at 5.4°C (about 42° F). It is highly 
flammable and burns with a smoky flame, 
and it has a pleasant aromatic odor. If 
benzene vapors are inhaled for a long 
time, however, acute poisoning that pro- 
duces hemorrhages in various internal 
organs can © cur. Paralysis of the motor 
centers ma cur. Chronic poisoning is 
also a dan protracted inhalation of 
benzene in most cases leads to 
death. Th. effect of benzene is a 
blockage of medullary activity of the 
spinal cord «| a great reduction in the 
number of te blood corpuscles (the 
loss may be «s much as 90 to 95 percent). 
As a result organism is deprived of 


its defenses ond is thus vulnerable to all 
lypes of infection. Benzene is used ex- 
lensively in industry; consequently, the 


BENZENE — Benzene is a colorless liquid, 
Which solidifies when cooled to 54*C 


(41.7°F) and forms a white mass consisting 
of long, highly fragile needles. 
1 


TAR—Coal tar is a raw material that contains 
a large number of aromatic compounds, of 
which benzene is one. Tar is used for many 
purposes, including the making of cardboard 
and ropes impermeable to water. 


most rigorous safety precautions must be 
applied when it is in use. This is par- 
ticularly true when benzene is used as a 
raw material for the production of other 
products such as styrene, the starting 
point for synthetic rubber, and polysty- 
rene, phenol, aniline, chlorobenzene, ni- 
trobenzene, and maleic anhydride. These 
uses are quite apart from benzene’s wide- 
spread use as a solvent. 


COAL TAR 


The principal source of benzene is coal 
tar, which contains a wide variety of 
aromatic compounds; more than a hun- 
dred different substances have been found 
in it. The starting material for coal tar is 
ordinary coal, Destructive distillation of 
coal at 1,100 to 1,200* C (about 2,012 to 
2,192? F) yields a range of products, in- 
cluding coal gas and coal tar. 

Coal gas, consisting essentially of meth- 
ane, ethane, acetylene, and carbon mon- 
oxide, is also known as illuminating gas; 
it was widely used during the nineteenth 
century as a means of public lighting. 
Today, coal gas is used almost exclusively 
for heating. 

Coal tar in the crude state finds limited 
application as a means of rendering card- 
board, ropes, and wooden stakes imper- 
meable to water. Mixed with pitch and 
soda it is also used as an industrial disin- 
fectant. Its most important use, however, 
is as a raw material for many important 


an important starting 
point in organic chemistry 


industrial products, Crude tar obtained 
from the distillation of coal contains many 
different substances. A first refining proc- 
ess is, therefore, necessary. This some- 
what crude refinement divides the crude 
tar into portions whose components have 
more or less similar chemical and physi- 
cal properties. This process, called frac- 
tional distillation, is based on the different 
boiling points of the various components. 
The coal tar is boiled and the vapors re- 
condensed; the resulting liquids are thus 
separated according to their different 
ranges of boiling points. Four principal 
fractions are produced: 
l. Light oil: liquids collected at tem- 
peratures up to 170°C (338° F). 
2. Medium oil: liquids collected be- 
tween 170° and 230°C (338° and 
446^ F). 
3. Heavy oil: liquids collected between 
230° and 270° C (446° and 518^ F). 
4, Anthracene oil: liquids collected up 
to a temperature of 340° C (644° F). 
Light oil is largely benzene, its deriva- 


COAL TAR—Coal tar is the principal source of 
benzene. Among other products derived from 
coal tar are coal gas, ammonia, and coke. This 
diagram shows the principal products obtain- 
able from coal. 
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tives (xylene and toluene), and pyridine, 
a basic nitrogenous compound having a 
structure similar to the structure of the 
benzene molecule. 

Medium oil consists principally of 
phenols and naphthalene. Heavy oil con- 
tains cresols (derivatives of phenol), 
higher hydrocarbons such as acenaph- 
thene and diphenyl, and basic products 
such as quinoline and isoquinoline. The 
last fraction, anthracene oil, solidifies on 
cooling and yields a semisolid paste. This 
substance consists principally of crystal- 
lized hydrocarbons containing condensed 
benzene nuclei, the most abundant of 
which is anthracene. A solid residue re- 
mains in the distillation boiler; this resi- 
due is pitch, or asphalt, used as a sub- 
stitute for natural asphalt in road paving. 

These four fractions are collected over 
fairly wide temperature ranges. Each 
fraction, therefore, contains several prod- 
ucts, as well as impurities that belong to 
the adjacent higher and lower fractions. 
A second and more refined separation is, 
therefore, necessary. The individual frac- 
tions are distilled separately to produce 
technically pure products. This article 
treats the first fraction—light oil—which 
contains benzene, toluene, the xylenes, 
pyridine, and phenol (an impurity from 
the second fraction ). 

Pyridine and phenol, with pyridine 
basic and phenol acidic, are eliminated 
in the form of salts. They, of course, form 
salts when they are treated respectively 
with an acid and a base. The light oil is 
thus treated first with sulfuric acid and 
then with a solution of caustic soda. The 
pyridine and phenol salts that are formed 
are soluble in water and can thus be 
eliminated, 

Subsequent separation, therefore, takes 
place between benzene, toluene, and the 
xylenes. Because these three compounds 
have different boiling points—benzene 
boils at 80.1°C (about 176° F), toluene 
at 110°C (230°F), and the xylenes 
around 140°C (284° F)—fractional dis- 
tillation eventually produces pure prod- 
ucts, 

The number of distillations is reduced 
in actual industrial practice. The process 
is based on the use of rectification col- 
umns, which permit a more complete 
separation of the mixture, 


SUBSTITUTION REACTIONS 
OF BENZENE 


As previously mentioned, one of the 
properties of benzene is its considerable 
resistance to addition reactions, The ex- 
planation of this phenomenon lies in 
resonance theory. Benzene is à com- 


pound whose carbon-to-carbon bonds are 
intermediate between the double bond 
and the single bond. From the point of 
view of energy, these bonds are more 
stable than conjugate double bonds. De- 
spite its reluctance to enter into addition 
reactions, however, benzene lends itself 


TOLUENE—This derivative of benzene con- 
tains a methyl group that has replaced a hy- 
drogen atom. Its name is derived from Tolu 
balsam, the substance from which it was first 
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TOLUENE DYES—The dyes derived from i 
E S—T tol- G, i 
uene include alizarin violet 3B, alizarin green Rc i eee ae 


readily to substitution reactions, In sub- 
stitution reactions, one or more of the 
hydrogen atoms of the ring are 

by monovalent atoms or r 
most important substitutio: 
the Friedel-Crafts synth 
halogenation, and sulfona 


actions are 
, nitration, 


extracted. Toluene is an im; 
rial for the production of dy 
(for example, trinitrotoluene 


unt raw mate- 
d explosives 
TNT). 


6 

THE XYLENES AND ISOMERISM—If a single 
hydrogen atom of the benzene ring is replaced 
by another atom or radical (in toluene, for ex- 
ample, the hydrogen atom is replaced by a 
—CH; group), there is no isomerism. Which 
of the six hydrogen atoms is replaced is un- 
important, because they are all equivalent. If 
two or three hydrogen atoms are replaced, 
however, the substituent groups can occupy 
different positions; consequently, there is an 
isomer corresponding to each position (posi- 
tion isomerism). This is what happens in the 
case of xylene, which is a dimethyl-substituted 
derivative of benzene. The three isomeric 
forms of xylene are distinguished by the pre- 
fixes ortho- (Illustration 6a), meta- (Illustration 
6b), and para- (Illustration 6c) placed before 
-dimethyl benzene or -xylene. 


THE FRIEDEL-CRAFTS 
SYNTHESIS 


This reaction permits substitution of a 
large number of hydrocarbon radicals 
into the benzene ring. It consists of re- 
action with halogen derivatives of ali- 
Phatic hydrocarbons in the presence of 
aluminum chloride. The aluminum chlo- 
Tide acts as a catalyst: 


/ CH: 
AN 
Q. cH,c1 2, ^). nar 
methyl hydrogen 
benzene chloride toluene chloride 


: dis synthesis, suitably modified for 
industrial purposes, is used for the pro- 


duction of styrene, an important inter- 
mediate in the production of polystyrene 
polymers. Ethyl benzene is synthesized 
by condensing ethylene and benzene in 
the presence of aluminum chloride. 
CH;-CH; 

()+cu=-ca. A8, (C) 
VY 


The ethyl benzene is then dehydrogen- 
ated, producing styrene: 


CH,-CH, CH=CH: 
ey om lO 
VY NU 


Other catalysts may also be used. At 


times these are even more effective than 


XYLENE SOLVENTS—This photograph shows 
a large furrow that has been produced in an 
organic compound by a xylene solvent. 


" 
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the aluminum chloride. Bo: trifluoride, 
BF;, and sulfuric acid s^ two such 
catalysts. 


HALOGENATION 

This reaction permits i luction of 
chlorine and bromine di; y into the | 
benzene ring. lodine ar ;orine can 
also be introduced, but « by indirect 
methods. 

The reaction occurs q readily at 
low temperatures in the sence of a 
halogen carrier—iron(IIi loride, for | 
example—which acts as a lyst and in- | 
creases the reaction rate, 

CI 

FN s ; 

(jee, 2. fad 

A^ chlorine hydrogen 
benzene chloroben: chloride. 
NITRATION 
This reaction introduces th: NO% group. 
A mixture of nitric acid a^. «lfuric acid 
is used. The sulfuric acid lies a pro- 
ton and then removes lecule of 
water from the species to uce a new, 
extremely reactive species nitronium 
ion, -NOs», which attac) © benzene 
ring. à 

da :SO, 

Q +HNO, ESO, ( .. go 

VW nitric water 
benzene acid nitro! ne 
SULFONATION 
In this reaction the —SO,I! group is in- 


troduced into the benzene ring. The sub- 
stitution is carried out by reacting con- 
centrated sulfuric acid with benzene. For 
example, 


SOH 
AN AN 
ll }+HSo, — (/ 410 
V 


sulfuric acid / water 
benzene benzenesulfonic 
acid 


The sulfonation of benzene is best car- 
ried out at a temperature of 170 to 180° C 
(338 to 356? F). This removes the water 


i i tion. 
TRIPLY SUBSTITUTED PRODUCTS—the tri- produced in the reaction by evapora 


e TREA n 
ply substituted benzene derivative also has S i Benzenesulfonic acid, chlorobenzene, à 
eparation of the th B 5 A i 
dabas emon: aghen amene, ie dca torre V RE ems ee | nitrobenzene arc important ini 
ores » Pee RCE) ras eet palling, Points and requires special techniques. | Chemicals, because a wide range of or- 
4 or industrial f : 1 A 
groups are identical, have three isomers. In three PE fe connie Coie a ganic products is derived from them. 


the case of compounds that are penta- or th 
c x es i 
hexa-substituted, however, no Possibility of and St hives Heaproduchioniot eure 


isomerism exists, 


CY "LEG COMPOUNDS | carbon's closed chains 


Most h; ;"bons—organic compounds 
of carb: | hydrogen—have an open- 
chain : ve, These substances are 
called hydrocarbons because 
many ti of the group have an oily 
consiste phatic hydrocarbons may 
be satu containing only single 
bonds ( afins, or alkanes), or un- 
saturate '^ining double bonds (the 
olefins, « 1» hydrocarbons), or triple 
bonds | yne hydrocarbons). 

In m: /drocarbons the carbon- 
atom ch clic, in a closed-chain or 
ring for: "npounds of this type are 
said to ! lic, Cyclic compounds are 
divided | » groups: aromatic hydro- 


carbons- 'erivatives of benzene; and 
^ose chemical behavior is 


compou:: 
analogo: he chemical behavior of 
aliphatic sounds, Such cyclic com- 
pounds led alicylic. These, too, 
may be : saturated or unsaturated. 
open-chain 

Hydroca pa: 
| closed-chain { Uu 
aromatic 
The m of carbon atoms forming 
a closed « cannot be less than three 
and is sow, s more than 30. The name 
of such à pound consists of the cor- 
respondin:: | yhatie compound, preceded 
by the p: cyclo-;" thus, there exist 
cycloparatiis, cycloalkenes, and so forth. 
For exampie, propane, CH3CH3CH,;, cor- 

responds to cyclopropane, 
CH,—CH» 
Ned 
CH» 


and butane, CH3CH3CH3CH;, is matched 
by cyclobutane, 


CH;-CH; 


i Ml 
CH;-CH» 


In a molecule of the methane type, the 
four hydrogen atoms bonded to the car- 
bon atom arrange themselves in space in 
à symmetrical manner. In methane, CH4, 
the carbon atom is at the center of a reg- 
ular tetrahedron; the four bonds are di- 
rected toward the vertices of the tetra- 
hedron. Any two of these bonds form an 


angle of about 109°. This is also the con- 
figuration of each carbon atom in the 
open chains of the paraffins. These chains 
thus assume an undulating aspect, Put 
another way, the carbon atoms “zigzag.” 

The cyclopropane molecule tends also 
to take on the most symmetrical arrange- 
ment possible; that is, an equilateral tri- 
angle with an internal angle of 60°. In a 
system of this type the bond angle is de- 
formed. As the German chemist Adolf 
von Baeyer noted in 1885, this deformity 
produces a strong internal tension that 
makes the molecule rather unstable. As 
the number of carbon atoms in the cyclic 
chain increases, however, the internal ten- 
sion diminishes. In cyclobutane, for ex- 
ample, the four carbon atoms are located 
at the corners of a square, and the bond 
angle is 90°, Thus, cyclobutane should be 
more stable than cyclopropane. Experi- 
ence confirms this notion. In cyclopen- 
tane and cyclohexane the bond angles are 
108° and 120°, These values are very 
close to those of the tetrahedral arrange- 
ment. Thus, these compounds are quite 
stable. 

It might be thought that in closed 
chains with a greater number of carbon 
atoms, the bond angles would be greater 
than 109? (in cyclodecane, for example, 
the angles should be 144°). The internal 
tension in large closed chains should, 
therefore, make this type of molecule im- 
possible. This theory, apparently so plaus- 
ible, was proved to be untenable by the 
discovery by the Croatian-Swiss chemist 
Ruzicka of cyclic compounds with large 
numbers of carbon atoms in the rings. 

A perfume manufacturer had commis- 
sioned Ruzicka to identify the structures 
of musk and civet, two rare and quite 
costly odorous substances. Musk is pro- 
duced by a gland in the abdomen of the 
male musk deer. This animal, similar to 
the roebuck but without horns, lives 
mainly in the mountains of Central Asia, 
especially in the Himalayan region. An 
adult animal yields 30 to 40 g of musk, 
which usually contains less than one per- 
cent essence of musk. Similarly, civet is 
obtained from the civet cat, a mammal 
that resembles the felines and the mar- 
tens. It lives in Africa, and emanates such 


a strong odor that it keeps other animals 
at a distance, Ruzicka discovered that the 
musk molecule has a closed chain of 15 
carbon atoms, and that the civet molecule 
consists of a closed chain of 17 carbon 
atoms. 

Ruzicka was also able to synthesize ali- 
cyclic compounds with closed chains of 
as many as 44 carbon atoms and a sta- 
bility equal to that of the paraffins. The 
theory of internal tension was upset by 
these facts, and had to be corrected. The 
carbon atoms of large cyclic molecules 
have an undulating arrangement just as 
in the open chains of paraffin hydrocar- 
bons. This eliminates bond-angle tension 
and permits all the bond angles to remain 
at about 109?—the optimal value. 

The simplest of the alicyclic com- 
pounds is cyclopropane: 


a rather unstable gas that is converted 
into an isomer, propylene, CH,—CH-— 
CH», by heating. Some of its properties 
resemble those of propylene, introducing 
the curious and rare phenomenon of a 
saturated substance that behaves like an 
unsaturated substance. Despite its rela- 
tive instability, the cyclopropane group 
appears in the molecule of some natural 
compounds—for example, in the pyre- 
thrins, poisonous substances used as in- 
secticides. These substances have a great 
advantage over DDT in that they do not 
cause insects to build up a tolerance; 
therefore, the pyrethrins retain their ef- 
fect. Together with similar synthetic 
products, they are especially useful in 
agriculture, although it should be pointed 
out that all synthetic pesticides are now 
under sharp attack for their potential 
harm to the environment, 

The next member of the group is the 4- 
carbon-atom molecule cyclobutane, which 
is less reactive than cyclopropane, at least 
in ionic reactions. The cyclobutane ring 
can be opened only under conditions of 
great energy; that is, at high temperature 
and pressure and in the presence of suit- 
able catalysts. The closed chain of cyclo- 
butane appears in some natural sub- 
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CYCLOPENTANE—The 5-carbon-atom ring of 
cyclopentane is quite stable. This hydrocarbon 
is present in abundance in petroleum crudes. 
The molecular structures of many natural sub- 
Stances, such as hormones and vitamins, con- 
tain a ring similar to it. 


CYCLOBUTANE — The 4-car 
less reactive in ionic reactior 


bon-atom ring. The 4-cart 
present in natural substance 
line, which occurs in coc 
with the alkaloids of the c 


atom ring is 
an the 3-car- 
tom ring is 
ch as truxil- 
ves together 
» group. 


is truxilline, which occurs 


stances 
in coca ;gether with the alkaloids 
of the « ;roup. 

The -atom ring of cyclopen- 
tane is ie, Cyclopentane is pres- 
ent in e in petroleum crudes 
from sé ferent sources. The mo- 
lecular of cyclopentane appears 
often i Most importantly, it is 
conderi other cyclic systems in 
the basi ture of steroids, a group 
that inc ich substances of biolog- 
ical imy as sex hormones, bile 
acids, c |, cardiac stimulants, and 
vitamin olated ring of 5 atoms is 
present rethrins, in jasmine, and 
also in cids extracted from the 
oil of se rious exotic plants. 

The nportant alicyclic com- 
pound, etically and in practical 
applica! undoubtedly cyclohexane. 
Its der > widespread in nature. 
For exo s present in steroids and 
in terpe vast group that includes 
such su! as camphor and the fra- 
grances y flowers. High percent- 
ages of ine and some of its de- 
rivatives ‘so found in petroleum 
crudes 

The 5; ucture of the cyclohex- 
ane mol most unusual. In 1890 
the hyp was advanced that the 
carbon a n cyclohexane do not lie 
on a plui m Baeyer had supposed, 
but rath: hey have a zigzag config- 
uration, { f bond-angle strain. Two 
different spatial models of cyclohexane 
may be constructed, each of which con- 
serves the normal bond angles. The two 
configurations are the so-called boat or 


tub form and the so-called chair form. 
This hypothesis was discarded at first, for 
Scientists succeeded in producing cyclo- 
hexane in one form only. Some 30 years 
later the idea was revived and demon- 
Strations with models showed that it was 
possible to change one form to the other 
by rotation around the single bonds. This 
rotation produces only a slight distortion 
of the normal bond angles, and requires 
a small amount of energy. Thus, the ro- 
tation can take place at ordinary temper- 
atures, Moreover, if one of the two forms 
of cyclohexane could be prepared in the 
pure state, it would rapidly transform 
into a mixture of the chair form and the 
boat form, This mixture makes up com- 
mon cyclohexane, 


CYCLOHEXANE —The 6-carbon-atom ring is 
the most stable of all. Its atoms are not all on 
the same plane, but rather are arranged ac- 
cording to two configurations: one, the boat 


form (Illustration 3a), and another, the chair 
form (Illustration 3b). One form converts to the 
other by means of a simple rotation around 
the bonds. 


Derivatives of cyclohexane are of great 
importance industrially. They serve as 
raw materials in the manufacture of the 
well-known synthetic fiber nylon, for ex- 


ample. Nylon is particularly useful when 
durability, crush resistance, abrasion re- 
sistance, and lightweight strength are of 
importance. 
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THE: HEDEROGYCEIS 


COMPOUNDS | 


the outsider in the 
world of carbon 


la 


NICOTINE—Many natural substances contain 
heterocyclic compounds. Tobacco leaves (Il- 
lustration 1b) contain nicotine. The molec- 
ular structure of nicotine is shown in Illustra- 
tion 1a. 


„o — 


All matter is made up of elements. The 
tiniest particle of matter that can be 
divided and still retain its chemical iden- 
tity is called a molecule. Molecules are 
formed when the atoms of one or more 
elements combine with atoms of either 
the same or different elements. Molecules 
containing more than a single type of 
atom create chemical compounds. 
Cyclic compounds formed exclusively 
of carbon atoms, as in alicyclic and aro- 
matic cyclic compounds, are called car- 
bocyclic compounds. However, cyclic 
structures exist in which one or more 
of the atoms making up the ring are not 
carbon atoms. These atoms are called 
heteroatoms, and the compounds they 
form with carbon atoms are called het- 
erocyclic compounds. Such substances 
are especially important because many 


natural compounds contain heterocyclic 
structures. Vitamins, indispensable to ani- 
mal organisms; alkaloids, important for 
their applications in pharmacology; he- 
moglobin, from which blood receives its 
red coloring; vegetable colorants, such as 
chlorophyll, and the nucleic acids, on 
which heredity depends; all these are 
heterocyclic compounds. Many hetero- 


CHLOROPHYLL—Chlorophy! one of the 
most important and abundar ral coloring 
agents, and is contained in jreen parts 
of all plants. Its molecule a complex 
Structure and its nucleus is yposed of a 

= 


ee 


cyclic compounds, particularly colorants 
and pharmaceutical products such as vi- 
tamins, are produced synthetically on a 
large scale. 

The variety of heterocyclic compounds 
is enormous and almost unlimited. Those 
of primary importance exist as a ring 
made up of five or six atoms. These rings 
contain nitrogen, oxygen, and sulfur as 
their heteroatoms. Synthesized com- 
pounds often contain selenium, phos- 
phorus, arsenic, silicon, and other ele- 
ments, 

Heterocyclic rings may be saturated or 
unsaturated. The saturated rings have no 
special characteristics and their prope! 
ties do not differ substantially from open- 
chain compounds. If an oxygen atom à 
present, the properties of the compoun 
resemble those of an ether. If a nitrogen 


magnesiu Magnesium may share in the 
part chlor ays in the assimilation proc- 
ess. Illust ? shows the chlorophyll con- 
tained in od. It appears red because it 
is seen th 1 fluorescing microscope. 
EE 
atom is present, the compound reacts as 
do the aliphatic amines. 
CH.~( Hy CH, CH; 
CH, CH CH, CH, 
\o% aed 
O [6 
tetrahydrofuran ethyl ether 
CH,-CH. CH; CH; 
| 
CH, CH. CH. CH, 
NH NH 


pyrrolidine diethylamine 


The main examples of unsaturated nuclei 
With conjugated double bonds are: 


THIAZOLE—This heterocyclic ring is con- 
tained in penicillin, the important antibiotic 
discovered in the mold Penicillium by Fleming 
in 1928 and isolated by Chain and Florey in 
1940. The heteroatoms are sulfur and nitrogen. 


———————————————— 


CH-CH CH-CH 
II 
CH CH CH CH 
V 
oO NH 
furan pyrrole 
CH 
4 
CH-CH CH CH 
| | 
CH-CH CH CH 
N 
N 
thiophene pyridine 
AROMATICITY 


The presence of conjugated double 
bonds gives these cyclic compounds the 


approximate stability of benzene. They 
have outstanding resistance to oxidizing 
agents and undergo substitution reac- 
tions instead of addition reactions. In 
other words, heterocyclic compounds 
may be typically aromatic. This can best 
be described by comparing a pyridine 
molecule with a benzene molecule. The 
real structure of benzene is neither (a) 
nor (b) but a hybrid resonance of 


the two. The structure is particularly 
stable because all the carbon-carbon 
bonds are intermediate between a single 
and a double bond. Pyridine behaves 
similarly, but not identically. The pres- 
ence of a nitrogen atom keeps the ring 
from being perfectly symmetrical, as in 
the case of benzene, and the resonance 
involves not only forms (c) and (d), 
corresponding to the two possible forms 


71 


for benzene, but also the polar forms (e), 
(f), and (g). The pyridine molecule: 


(Sedet Yat uf.) 
e le le [e 
pc c es NW 


(£) (g) 

4 FURAN—Illustration 4a shows the simplest 
five-atom heterocyclic ring containing oxygen. 
It has two conjugated double bonds, which 
make it aromatic. Furan is a liquid that 
smells like chloroform. Industrially, furan is 
prepared from chaff, rice husks, or corncobs. 
These materials are made largely of pento- 
sanes, that is, polymers of sugars with five 
carbon atoms (pentoses). The pentoses con- 
tain the structure of furan. By treatment with 


can be described as a resonance hybrid 
between five forms. (The double-headed 
arrow represents resonance. ) 
Interpretation of this phenomenon in 
pyridine is more difficult than in ben- 
zene. But, were this to be considered in 
terms of the polar forms, the existence of 
resonance, and therefore aromaticity, 
even in five-atom rings, can be justified. 


concentrated mineral acids, the pentoses pro- 
vide furfural, the aldehyde of furan (Illustration 
4b). Furfural produces furan when heated in 
the presence of catalysts. The furan ring ap- 
pears naturally in numerous substances be- 
longing to the carbohydrate series, the most 
important of which is sugar. By hydrogenating 
furan catalytically, tetrahydrofuran is obtained. 
It is widely used as a solvent and as a starting- 
point for one method of synthesizing nylon. 


PYRROLE—The most important heterocyclic 
compound with five atoms is pyrrole. Its skele- 
ton is found in many natural substances, such 
as hemin (the nonprotein part of hemoglobin), 
chlorophyll, and vitamin B,,, all of which have 
a typical cyclic structure in which four pyrrole 
rings are linked together around a metallic 
atom. Many derived substitutes of pyrrole are 


PYRAZOLE— This nucleus is studied in depth 
because of its importance in pharmaceutical 
and colorant fields. In particular, the pyra- 
zolones, which are ketone derivatives of thé 
hydrogenated product pyrazoline, are impor- 
tant as antipyretics. 


CH.—N—CH; 


c=C—CH; 


THIOPHENE physical properties of this 


heterocyclic ound place it closest to 

benzene, w obtained from coal tar. 

Benzene al yntains a small amount of " 

ihiopliene formed through pyrolysis re rere yc OM compounds with  ploiting its great solubility in a solution of 
of the sulf 2g of coal. Since the boil- rings containing one or more sulfuric acid. Pyridine has a very unpleasant 


heteroatoms vary in their aromaticity if the odor, which explains why it, and its deriva- 


ini int ) liquids is so close thi i 
e cann iere By. fractos pides ring has three double bonds in conjugation.  tives, are used to denature ethyl alcohol. 
Dora thoda Ae used A little The heterocyclic ring derives from the ben- Among the most important derivatives of 
Nico hé présent Inzconmeorciaf zene nucleus when one or more —CH groups  pyridine is nicotinic acid, which is produced 
KoE AN o shown with: isatinilnitba are replaced with heteroatoms. For example, if from nicotine, the alkaloid of tobacco. Its 
Bréeóncs c acid, which yields “a a single — CH group is replaced with a nitro- amide, nicotinamide, is vitamin PP, a pellagra- 
ER i. This reaction Was ono gen atom, pyridine results; with two nitrogen preventive factor. The diethylamide of nico- 
Malisved t voterlatio of benzeno. “The atoms, diazine (varying according to the posi-  tinic acid is nikethamide, which is used as a 
Demand or Mayer usodi io Bemar tion of the nitrogen atoms); with three, triazine, respiratory stimulant and for therapeutic pur- 
esie the his. pupils. On one 0e and so on. Pyridine is present in the first and poses. 

3 second fraction of coal tar. As with benzene, The completely hydrogenated product of 


casion, tl on did not appear and 
Meyer dis t the coloration was not 
due to ben o thiophene. 


the basic properties of pyridine allow it to be pyridine is piperidine, C;H,oNH, which is nor- 
separated from the other compounds by ex- mally obtained by hydrogenating pyridine. 


8 


known anc the reactions character- 


istic of th compounds. The hydro- 
genated d pyrrole is pyrrolidine: 
CH;—CH; 
CH, CH, 
Nos 
NH 


PYRIMIDINE—This is the most important hex- 
atomic compound having two nitrogen atoms 
as heteroatoms. Thymine, cytosine, and uracil, 
derivatives of pyrimidine, have been re- 
searched extensively in the biological fields 
because these derivatives enter into the com- 
position of nucleic acids which, combined 
with proteins in nucleoproteins, are integrat- 
ing components and biologically important in 
the nuclei of cells. Many species of virus be- 
long to the nucleoproteins. The complexity 
and size of these molecules is indicated by 
their molecular weight, which varies between 
13 and 18 million. The nucleic acids control 
the transmission of inherited characteristics 
and protein synthesis, and are made up from 
pyrimidine or purine bases, sugars (riboses 
or deoxyriboses), and phosphoric acid linked 
in chains: 


o [*] 
Jp ae ee 
à ó 
—nucleic acid unit— 


base base 


DNA is present in cell nuclei, and RNA in the 
nucleolus and cytoplasm of the cell. 


74 


THE:POLYNUGLEAR 


AROMATIC COMPOUNDS | 


Early man discovered no doubt by acci- 
dent that berry juices could be used to 
add color to an otherwise drab ward- 
robe. The dyeing of fabrics was known 
to the Persian, Indian, and Egyptian cul- 
tures centuries ago. Relying solely on 
vegetable dyes, these ancient peoples re- 
fined the techniques of dyeing into a fine 
art. It is unlikely, however, that they 
knew anything about the chemistry of 
dyes. Not until the late nineteenth cen- 
tury did chemistry progress to the point 
where laboratory analysis of organic 
compounds was possible. With subse- 
quent refinements in organic synthesis, 
industries were born that owe their exis- 
tence to the group of organic compounds 
known as polynuclear aromatic com- 
pounds. In addition to their use in mod- 
ern dyes, these compounds are present in 
pharmaceuticals, insecticides, and plas- 
tics. 

Compounds containing a six-carbon 
ring with three double bonds are known 
as aromatic compounds. The simplest of 
these is benzene, CyHg: 


ji 
AH 
mov H 
H 


Molecules containing two or more sys- 
tems of these rings are known as poly- 
nuclear aromatic compounds, There are 
numerous ways in which such rings can 
be joined, the simplest being a linkage 
where no carbon atoms are shared. The 
structure of diphenyl illustrates this: 


EC 
Dd NAT e 
H = ec H 


H HH H 


The distillation of coal tar provides 
large quantities of a second type of poly- 
nuclear aromatic compounds. This im- 
portant class of hydrocarbons is those 
with condensed nuclei, Naphthalene 


VAN 


| | (hydrogens not shown) 
VN 
has two condensed benzene rings, and is 
a classic example of compounds signifi- 
cant in dye synthesis. 


DIPHENYL—The polynuclear aromatic com- 
pounds are molecules containing a number of 
benzene rings. In diphenyl, two rings are 
linked without having a common carbon atom. 


Most of these compounds, as such, are 
not found in coal. They are formed dur- 
ing the distillation of coal as a result of 
reactions taking place at high tempera- 
tures. For example, when linear com- 
pounds or compounds with an alicyclic 
structure are passed through heated coils, 
aromatic and polycyclic compounds are 
formed. Benzene itself can be prepared 
from acetylene in this very manner: 


CH CH 
A ZUN 
CH CH CH CH 

jr | I 

CH CH CH CH 
NS NU 
CH CH 


In modem industry, benzene deriva- 
tives are obtained in large quantities by 
the dehydrocyclization process. Heptane, 
when heated with appropriate catalysts, 
produces toluene: 


CH, 
CH, CHa 
"i N 
T vs ——— A i 
—4H,, 
CHE j >Z 
Z 
CH, 


These examples show that linear mole- 
cules may join to form rings (cycliza- 
tion). High temperatures and catalysts 
cause the electrons linking the molecules 
to vibrate. When the vibrations are strong 
enough to break the bonds, so-called 
radicals are formed. Methane provides a 
good example: 


CI C CHOC. 


The small dots represent solitary elec- 
trons, and the delta sign (A) means that 


colorful rings 
of organic dye: 


heat has been applied. Su: — adicals are 
extremely reactive (the bon atom 
tends to reacquire four be :) and are, 
therefore, quite unstable : hort-lived, 
They may “disappear” by ing with a 
second radical to regain ility. Two 
methyl radicals, for exa: =, react to 


form ethane: 


-CHs +-CH,> CH. CH, 


With cyclic compounds, disappear- 
ance of the radicals in : molecules 
leads to the formation o polynuclear 
compounds. The linking wo phenyl 
radicals results in the for tion of di- 
phenyl: 

LCS RR ENS 
e or ed 


POLYNUCLEAR COMPOUNDS—Found in coal 
tar, polynuclear compounds are formed by 
several condensed benzene rings. iiustration 
2a shows the structure of chrysene, 2b thà 
of pyrene, and 2c represents benzopyrene- 
The latter is found in tobacco smoke and has 
been shown to be carcinogenic. 


TETRACE!!: ‘ar compounds with several 
condensed ^ nuclei have been synthe- 
sized rece: ra of these compounds is 
tetracene. 
If the linka vides two carbon atoms 
in commo hthalene is the product. 
Polynuc! mpounds having three 
rings are: 
h bo LS, 
anthracen ji 7A 
\F\F | | 
NN 
nanthrene | I | 
YF 
In coal tay ‘uclear compounds with 
several rin chrysene, pyrene, and 
benzopyr 
O. OUR 
“OS 56900 
X VV, WN 
chrysene | I 
VY NUN. 
pyrene | I| 
SA 
benzopyrene 
Benzopyren- has been isolated in ciga- 
rette smoke «sd is highly carcinogenic. 
Compound: with several linearly con- 
densed rings include: 
tetracene 
“Vy 
W444 
and hexacene 7 
Ones 
WY\4\4\4 NINI 


Two still more picturesque substances 
with a greater number of rings are cor- 
onene and ovalene: 


^O. fae 
CY Y dd 
ey SOP ne 
AY N/NZNZ 
coronene ovalene 


The reactions generated by heat are 
often uncontrolled, and hence are unsuit- 
able for the synthesis of polynuclear 
compounds. But there are laboratory and 
industrial reactions that produce these 


NAPHTHALENE—Naphthalene, another coal- 
tar distillation product, is used as a moth pre- 
ventive. Naphthalene has the property of being 


a Be zt SA Le 


able to go directly from the solid to the gase- 
ous state. Illustration 4 shows the apparatus 
used in subliming naphthalene in the laboratory. 


substances. The Wurtz synthesis uses 
benzene derivatives in the production of 
diphenyl: 


2 4 NS + 2Na XR 


iodobenzene sodium 


diphenyl 


By replacing two hydrogen atoms in 
methane with two phenyl groups, the re- 
sult is diphenylmethane: 


ps ZS 
<> <> 


This compound can be produced in the 
Friedel-Crafts reaction from dichloro- 
methane and two benzene molecules in 
the presence of aluminum chloride 
(AICI5): 


2 4 cuo. dcs M 
EN aS 
> <> OB eA 


In addition, triphenylmethane and tetra- 


AN- Z N 
Fux de: + 2Nal. 


phenylmethane have been produced in 
this way. 


NAPHTHALENE "YN 


VF 


Naphthalene is made up of two con- 
densed benzene nuclei. It is one of many 
coal-tar distillation products and is pro- 
duced in the second distillation fraction. 
The substance is a white, crystalline solid 
having the property of being able to go 
directly from the solid to the gaseous 
state. 

Naphthalene is used to combat clothes 
moths but is more widely used in the 
preparation of dyes and phthalic anhy- 
dride: 


Phthalic anhydride is an important start- 
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ing point for plasticizers, resins, dyes, 
and pharmaceutical products. 

A function of the polynuclear aromatic 
compounds is their use as foundations in 
dye manufacture. This is because their 
molecules contain a large number of 
double bonds. A substance has a given 
color because it absorbs light waves of 
a certain frequency in the visible spec- 
trum. Those frequencies not absorbed 
are reflected, giving the substance its 
color. Experiments have demonstrated 
that a compound's selective absorption of 
light is due in part to its state of unsatu- 
ration-the presence of double bonds. 
The double bonds of organic molecules 
possess the characteristic property of 
being able to absorb light. For example, 
under normal light benzene is colorless; 
it does absorb ultraviolet light, however, 
which is outside the visible spectrum. 

By attaching a group containing dou- 
ble bonds, as in the nitro group, to ben- 


Tu 
-N-O-, 
+ 
zene, a compound reflecting visible light 
results. In fact, nitrobenzene has a yel- 
lowish hue. The introduction of addi- 


ANTHRACENE—Composed of three linearly 
condensed benzene rings, the compound an- 
pba is important in the preparation of 
yos. 


tional unsaturated groups, known as 
chromophores or color-bearers, produces 
substances having other color properties. 
Naphthalene, anthracene, and similar 
compounds are good examples of these 
chemicals from which dyes are derived. 
Orange-l and Orange-2 are dyes con- 


ANTHRAQUINONE—llustration 6a depicts the 
Structure of another important polynuclear 
aromatic compound. Anthraquinone is derived 
from the oxidation of anthracene, and its de- 
rivatives, especially the sulfonated compounds, 
are excellent dyes for wool and cotton. The 
soft, yellowish mass in Illustration 6b is solid 
anthraquinone. 


taining the naphthalene nucleus: 


E 
N=N—Z N =N- 
Ies E s a poH 
A ZTN TIN ZON 
aes eee 
ba VW 
SO,H SOE I 


The —N-N-— chromophore group (azo- 
group) forms a bridge between the naph- 
thalene and benzene systems. 


FPNZS IPS 
ANTHRACENE | 
WONG 


Anthracene is another of substances 
distilled from coal tar. i purified by 
sublimation—a process : slidification 
that occurs when vapor tact a cold 
surface. Like naphthale: is a color- 
less substance. In additi t is fluores- 
cent and is widely used ye prepara- 
tion. The derivatives of a iquinone, 
i 
‘an N 
A/V 
b 
the ketone obtained by c ing anthra- 
cene, are of primary im ince to the 
dye industry. Special me is made of 
the sulfonated derivativ: lizarin, for 
example, is a glucoside fo ! in madder 
root, one of the vegetal lyes of the 
ancients. Today, this con nd is used 
for dyeing wool and cot! t is synthe- 
sized from anthraquine:  tfonic acid 
through fusion with Na ı the pres- 
ence of an oxidizer: 
oO O OH 
Il SO;Na | low 
CY Y N won. (^y Y. 
Nd v 


anthraquinonesulfonic iizarin 


acid 

Certain animal organisms also contain 
anthraquinone derivatives. Cochineal 
dye, an oxyanthraquinone, is found in 
the cochineal bug, a small plant para- 
site. Raised primarily in America and 
Mexico, the females are killed with steam 
before laying their eggs. Dried and 
ground to a powder, these insects pro- 
vide one of the finest and most resistant 
dyes for silk and wool. The dyestuff is 
used to produce scarlet, crimson, orange, 
and other tints. a 

Indanthrene is a synthetic produced in- 
dustrially by the fusion of two beta- 
amino-anthraquinone molecules with po- 


tassium hy de: 
[6] 
MS 
MAA os 
ZEN 
NCC 
AN ANA 
. 3 
E. A 
= Co 
P ims 
d sathrene NNNM 
(6) 


ALIZARIN—The structure in Illustration 7a is 
Aegean for the series of colorful dyes 
Own in flasks in Illustration 7b. Alizarin, 


one of the vegetable dyes of the ancients, was 
prepared from madder root until 1868. It is 
now prepared synthetically. 


When discovered in 1901, indanthrene because its rings are linked at angles 
opened a new age for this group of dyes. rather than linearly: 


A number of its derivatives are used to N 
color both animal and vegetable fibers. I| 
or Wie le FN INS 
PHENANTHRENE Ae di WE cs) 
aN aN ZNI 
Phenanthrene differs from anthracene 
anthracene phenanthrene 


Ta 8 


PHENANTHRENE—Also contained In coal tar, 
the compound phenanthrene differs from an- 
thracene in that its rings are joined at angles. 
While phenanthrene does not have major In- 
dustrial importance, it is used as an inter- 
mediary in the preparation of the alkaloid 
morphine. 


——————— 


While having little industrial impor- 
tance, phenanthrene's derivatives include 
natural products such as the alkaloid 
morphine. Cyclopentanoperhydrophenan- 
threne, 


Me 
rais a 
ANA 


includes a cyclopentane ring condensed 
with perhydrophenanthrene, a product 
of the complete hydrogenation of phe- 
nanthrene. It is the common basis of 
sterols, bile acids, and sex hormones— 
a family of natural compounds funda- 
mentally important for human survival. 
Modern research has identified and pro- 
duced several of these substances in the 
laboratory. Phenanthrene crystallizes as 
colorless leaflets. Its melting point is 
101°C (about 214° F), and its boiling 
point is 332° C (629.6° F). 


78 


THE ALCOHOLS | 


For untold years, man has fermented the 
sugary juices of fruits and grains to pre- 
pare alcoholic beverages for his celebra- 
tions, rituals, and medicines. Such drinks 
have been known to virtually all historic 
peoples, no matter how primitive; they 
include, among others, grape wines, 
wines from other fruits, hard cider, rice 
and palm wine, kumiss (fermented 


mare’s milk), mead (from honey), and 
beer, which was probably first brewed 
from barley malt by the ancient Egyp- 
tians, 

The art of distilling these drinks to ob- 


METHYL ALCOHOL—Methyl alcohol is the 
Simplest alcohol. In principle, it can be ob- 
tained by the replacement of a hydrogen 
atom in methane with an —OH group. The 
—OH group is characteristic of the alcohols 
and determines their Properties. Once made 
exclusively by the dry distillation. of wood, 


methyl alcohol is also known s 
alcohol." quss: 


———— ÉÉÉÁN 
tain higher concentrations of alcohol is 
also very ancient. The Chinese distilled 
sutchoo from rice and millet wines about 
1000 s.c. In Ceylon and India arrack was 
distilled from toddy as early as 800 s.c. 
Brandy was first made in Italy around 
A.D. 1000. The Arabs, meanwhile, had al- 
ready become familiar with the process, 


the spirit in 
beer and wine 


They called volatile substances, suitable 
for boiling off and condensing, by a gen- 
eral name al-kohl, from which the word 
"alcohol" was derived. 

The alcohol of alcoholic beverages is 
chemically known as ethyl alcohol, or 
ethanol, CH3CH;OH. It is a member 
of a group of organic compounds known 
as the alcohols, whose characteristic is 
that a hydroxyl group, —OH, is firmly 
bound to the carbon atom. Unlike the 
alkaline hydroxyl group that is associated 
with inorganic bases, this group does not 
ionize in water. In fact, the pH of alco- 
hols is neutral; they are neither acid nor 
base. The simplest alcohol is methyl al- 
cohol, or methanol, CH3OH, also called 
wood alcohol. 

In principle, alcohol synthesis is rel- 
atively straightforward because these 
compounds are hydrocarbon derivatives 
in which a hydrogen atom is replaced by 
the —OH group. For example, methyl 
alcohol, CH;OH, is obtained by replac- 
ing a hydrogen atom in methane, CH,, 
with an —OH group. Ethyl alcohol, 
CH;CH,;OH, results in the same way 
from ethane, CH;—CH;. 

With methane and ethane as “parent” 
compounds for alcohols, only one “form” 
of the product is possible. As more and 
more hydrocarbon units are added to the 
hydroxyl group, however, the resultant 
alcohols can assume additional config- 
urations. A case in point is the next 


alcohol in the series 
The parent substance 
CH;—CH2—CHs, and 
can replace a hydroge: 
methyl group, —CH;, 
group, —CH». In the 
product is normal pr 
cohol, and in the seco: 
hol: 


CH;,-CH;—CH.OH 


n-propyl alcohol 


As the number of hyd 
an alcohol increases, | 
sponding increase in th 
linking the —OH grou; 
atoms besides the term 
An —OH group that 
terminal carbon atom 
chain is called a pri: 
is, the carbon atom t 
droxyl group is associat 
only one other carbon 
alcohol the hydroxyl : 
atom is linked to two ot! 
therefore, isopropyl al 
secondary alcohol. Th: 
may also be associate 
carbon atom, or one lin! 
carbon atoms; alcohols 
characteristic are calk 


hols. An example is foun 


ETHYL ALCOHOL—Second simplest in the 
Series of alcohols, ethanol is one of the most 
important. Known since antiquity, ethanol is 
a product of carbohydrate fermentation. 
2 


Sugars such as glucose er 


mon to fruit juices, are 


opyl alcohol, 


'e is propane, 


-OH group 
m in either à 
he methylene 
instance, the 
n-propyl) al. 
opropyl alco- 
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CHOH. 
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propyl alcohol 


rbon units in 
' js a corre- 
ssibilities for 
other carbon 
ones. 
ttached to a 
hydrocarbon 
alcohol—that 
ich the hy- 
linked with 
In isopropyl 
ated carbon 
:rbon atoms; 
is called a 
!roxyl group 
h a tertiary 
» three other 
| exhibit this 
rtiary alco- 
a the isomers 


fructose, com- 
; broken down 


by fermentation enzymes inio ethyl elcohol 


and carbon dioxide. 


of butyl alcohol; n-butyl alcohol is 
CH;,CH;CH;CH;OH. Another isomer, 
where the —OH is linked to the second 
carbon atom and thus forms a secondary 
alcohol, is immediately evident; it is 
CHsCH,CH(OH)CHsg, or sec-butyl al- 
cohol. Another primary alcohol in which 
one CH carbon is linked to three other 
carbon atoms, CH;, CHs, and CH,OH, 
is isobutyl alcohol. If in this starlike con- 
figuration of hydrocarbon units the hy- 
dr OXyl group is associated not with a ter- 
minal carbon atom but with the central 


one, the resulting tertiary alcohol is và 
alcohol is ter 
butyl alcohol 


HCN, 
H4C —C-OH. 
H.C / 


There are also polyvalent alcohols, 
which contain two or more hydroxyl 
groups per molecule. Examples are ethyl- 
ene glycol, HOCH;CH;OH, and glyc- 
erol, HOCH,CH(OH)CH2OH. In such 
cases, there is never more than one hy- 
droxyl group associated with the same 
carbon atom, for the gem-diol group, 
» C(OH), is unstable; under normal 
conditions it loses water, HOH, to be- 
come >C=O, the carbonyl group. 


PROPERTIES 


The properties of the alcohols differ ac- 
cording to the number and arrangement 
of carbon atoms in the molecule. Solu- 
bility in water illustrates this point: the 
“lower” alcohols, such as methyl and 


BUTYL ALCOHOL—Depending on which hy- 
drogen atom is replaced by the —OH group, 
an alcohol is termed primary, secondary, or 
tertiary. Illustration 3a shows the structure of 
primary butyl alcohol (also called normal- 
butyl alcohol), with its —OH group linked to 
a carbon atom at one end of the hydrocarbon 
chain. The secondary butyl alcohol in Illus- 
tration 3b shows that the hydroxyl group is 
bonded to a carbon atom in the middle of the 
chain. Tertiary butyl alcohol has the —OH 
linked to a carbon atom that, itself, is linked 
i three other carbon atoms, as in Illustration 
c. 


3c 


ethyl alcohol, mix easily with water be- 
cause few carbon atoms are present in 
the molecule. With an increase in the 
number of carbon atoms, the influence of 
the hydrocarbon residue becomes greater. 
For this reason, the "higher" alcohols, 
such as heptyl alcohol, become more like 
the corresponding hydrocarbons, with a 
decreasing solubility in water. In addi- 
tion, methyl and ethyl alcohol, for in- 
stance, react to sodium in much the same 
way as water, though less strongly. These 
alcohols produce true salts: 


CH3—OH + Na > CH;ONa + 1/2H» 
CH;—CH2—OH + Na 
— CH;—CH2ONa + 1/2H;. 


With the higher alcohols, though, this 
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reaction is not as readily obtained. 
Though alcohols can be considered as 
derived from hydrocarbons by simple re- 
placement of a hydrogen atom with the 
—OH group, not all hydrocarbons with 
hydroxyl attached are alcohols. Notable 
exceptions are aromatic hydrocarbons, 
such as benzene and its derivatives. In 
fact, benzene with an —OH group at- 
tached is phenol, whose properties are 
quite different from those of alcohols. 
The alcohols may be saturated, unsat- 
urated with double and triple bonds, or 
cyclic. The most accurate way to name 
alcohols is by adding an -ol suffix to the 
name of the parent hydrocarbon. Thus: 


methanol ( methyl 
CH,OH alcohol) 
ethanol (ethyl 
CH;CH.OH alcohol ) 
propanol ( n-propyl 


CH4CH.CH;,OH alcohol) ( l-pro- 


panol) 
HC. isopropanol 
CHOH (isopropyl alcohol) 
HC (2-propanol) 
OH 
| 
/ Sie cyclopentanol (cy- 
CH. CH. clopentyl alcohol ) 
ie E 
CH; — CH, 
OH 
CH 
(AS cyclohexanol (cy- 
cn, Sk ` clohexyl alcohol) 
CH» CH. 
NA 
CH, 


2 cil 
EE. 2-propenol (allyl 
CH.-CH-CH.OH alcohol) 


2 propyn-1-ol ( pro- 


CHEG-CHIOH pargyl alcohol ) 


CH.OH 
c 
HON alpha-hydroxy tol- 
CH: ICH uene (benzyl 
| Il alcohol) 
CH- GH 
eed 
CH 


SOURCES AND FORMATION 


Alcohols are common outside the labora- 
tory. Small quantities of ethyl and methyl 
alcohol are found in the free state in 
plants. The higher alcohols are very 


INDUSTRIAL  PLANTS—The 
widely used industrially. Illustration 4a shows 
the gleaming copper stills in a section of a 
liqueur-producing plant. The containers are 


alcohols are 


common in nature. Menthol, a cyclical 
alcohol related to cyclohexane, is pres- 
ent in mint plants and is responsible for 
their characteristic fragrance. Esters, 
produced by the condensation of al- 
cohols and organic acids, with elimina- 
tion of a water molecule formed by the 
OH of the organic acid's carboxyl group, 
—C=0(OH), and the hydrogen of the 
alcohol's hydroxyl group, occur naturally 
in plant oils. The scents of fruits are 
caused by these compounds. Esters de- 
rived from the higher alcohols are es- 
sential ingredients in natural waxes. 

In much the same way that they can 
be synthesized, esters can be broken 
down into their acid and alcohol com- 
ponents (the esterification reaction is an 
equilibrium reaction). This is one way 
of obtaining alcohols from the natural 
esters in fruit essences and wax. 

A very important way to form many 
lower alcohols is to ferment carbohy- 
drates. When treated with complex mole- 
cules called enzymes (present in yeasts 


used for distilling herb anc » essences 
with ethanol. Methanol is pro: 3 on a large 
scale in modern plants like th ; 4b. 

and other microorganism carbohy- 
drates ferment in a relatively short time. 


Natural sugars, such as glucose and fruc- 
tose, common ingredients in fruit juices, 
are easily converted to ethyl alcohol and 
carbon dioxide: 


CoH1205 > 2C,H;0H + 2CO». 


Wine and beer are produced in this 
manner. 

Chemical methods, on the other hand, 
use exchange or reduction reactions. For 
instance, when a halogenated hydrocar- 
bon is treated with sodium hydroxide, 
the halogen and hydroxyl are exchanged: 


CH,Cl + NaOH > CH;OH + NaCl. 


1 id > 
methyl chloride Ta USE E on m chloride 


If aldehydes and ketones are reduced, 
the result is an alcohol: 


CH;CHO + H; > CH;CH;OH. 
acetaldehyde + hydrogen > ethanol 


HC. 
~C=0 
HC 


acetone + hy 


In a comm 
ketone or an 
alkylmagnesiu 
duced in the 
sium and a he 


CHI; + 
methyl mss 
iodide 


When added 
they give pro 
alcohol and : 


CH;C!} 
CH; 


SODIUM ETHYL 
hol behave muc 
metallic sodium 
water, these al. 
Solutions that a 
Shows that ethy 
reacted to form s 
the surface of the 


HIC, 
Ha > CHOH. 
3l 
lrogen > isopropanol 


laboratory reaction, a 

hyde is reacted with 
des. These are pro- 
on between magne- 
ated hydrocarbon: 


>» CHMgl. 
methylmagnesium 
iodide 
hydes and ketones, 
st break down into 
magnesium halide. 


I,Mgl > 


I+ H,O > 
MgIOH 

CH3MglI > 
I+ HO— 


MgIOH. 


ethyl and ethyl alco- 
water with respect to 
ng less strongly than 
nevertheless produce 
' salts. Illustration 5 
hol and sodium have 
ethylate (floating on 


BERGAMOT ORANGE—Esters can be found 
in plant oils, and the distinctive aroma of fruit 
is generally due to these compounds. Esters 
can be broken down to yield alcohols. The 
Bergamot orange contains an alcohol used 
in the perfume industry. 


CHEMICAL BEHAVIOR 


A reaction that differentiates primary, 
secondary, and tertiary alcohols is their 
behavior in the presence of oxidizing and 
dehydrogenating agents. The primary al- 
cohols oxidize to aldehydes that, in turn, 
oxidize to carboxylic acids: 


oO. H 
CH,CH.OH — CH;-C_ + H:O. 


[0] 


By either oxidation or dehydrogenation, 
the secondary alcohols form ketones with 
an equal number of carbon atoms: 


oO. CH, 
CHOH — 
CH: CH; 


CH; 
C=O+H.O. 


Tertiary alcohols, however, resist oxida- 
tion, and, when oxidized, break down 
into acids and ketones having fewer car- 
bon atoms. 

The esterification reaction between 
acids and alcohols produces esters. This 
normally slow reaction can be acceler- 
ated by introducing small amounts of in- 
organic acids that act as catalysts: 


CH,COOH + CH;CH;OH 
acetic acid + ethyl alcohol 


HSO: 
—> CH;C=0(0CH:-CH;) + H20. 
— ethyl acetate + water 


The esters of higher fatty acids with 
glycerol, HOCH;CH(OH)CH;OH, are 
called glycerides. 


METHYL ALCOHOL 


Methyl alcohol, or methanol, is the sim- 
plest of the alcohols and has many in- 
dustrial uses. At one time, this compound 
was produced by the dry distillation of 
wood; hence the name "wood alcohol. 
In this process, green wood was heated 
in large iron boilers while the resulting 


vapors condensed in cooling coils. The 
liquid was allowed to separate into an 
oily layer and a watery mixture of methyl 
alcohol, acetic acid, and acetone. By 
washing this mixture in hot calcium hy- 
droxide (quicklime), the acid was re- 
moved as a calcium salt. The methyl 
alcohol and acetone were recovered by 
distillation. Today, methanol is produced 
by reducing carbon monoxide with hy- 
drogen in the presence of metal oxide 
catalysts, 


ZnO 
CO + 2H; ——> CH;,0H 


at very high pressures and temperatures. 


HIGHER ALCOHOLS—The alcohols are very 
common in the vegetable kingdom. The pres- 
ence of large quantities of menthol in the mint 
plant (Illustration 7a) is responsible for mint's 
characteristic scent. Menthol, whose struc- 
ture is illustrated in 7b, is an alcohol deriva- 
tive of cyclohexane. 


7b 


82 


ETHYL ALCOHOL | 


THE PRODUCTION OF HIGH-PURITY ALCO- 
HOL—The large glass flasks shown in this 
photograph are part of the equipment used in 


distilling alcohol having a high degree of pur- 
ity. The flasks are similar to those used in 
many chemical laboratories, although larger. 


When people speak of alcohol, they are 
generally referring to ethyl alcohol. Wide 
usage has confirmed it as the alcohol par 
excellence, underlining its enormous in- 
dustrial and practical importance. Its 
existence was recognized as early as the 
eleventh century A.D., even if only on 
the fringes of legend. Aristotle, Hippoc- 
rates, and Pliny all spoke of a spirit of 
wine—an inflammable substance they 
claimed was the essence of this noble 
drink. It was not until many centuries 


later that alchemists isolated alcohol 
from wine by using techniques similar 
to those of present-day distillers. 

The generally accepted derivation of 
the word alcohol is from the Arabic 
kuhl, koh'l, or kohol, meaning a "very 
fine powder." Gradually the word came 
to mean "essence" and Paracelsus defined 
it in the sixteenth century as "the most 
subtle part of anything." *Ethyl" refers 
to the fact that this particular alcohol 
can be converted to ethyl ether. 


the inflammable 
principle hidden in sugar 


AN OLD WINE CELLAR—1 
fermenting wine takes p 
wooden barrels. 


W process of 
these huge 


PTL 0b d danh dots 


APPARATUS FOR DISTILLATION BY STEAM 
—ln the foreground is a boiler that produc 
steam. Beyond it to the right is the dou! nt 
stopcock that admits steam to two differe! 
flasks, allowing a double distillation. 


: E^ 2 j 
DISTILLA JF ALCOHOL--Ethyl alcohol 
is being | in this distilling plant. In 
various d: of purity, ethyl alcohol is one 

From t nical point of view, ethyl 
alcohol hydroxyl derivative of 
ethane; i H group is substituted for 
one part } zen in the hydrocarbon the 
result is c :lcohol, also called ethanol. 
The form s as follows: 

CH;—CH,—OH 

The uses of ethyl alcohol are many 
and varied. Besides being an ingredient 
of all alcoholic beverages, it is used as 


a base for a great many products, such 
as acetaldehyde, as well as in a number 
of pharmaceutical derivatives, and as an 
ingredient in perfumes and cosmetics. 
Ethanol is used as rubbing alcohol and 
for sterilizing surgical instruments. Some 
of the chemicals derived from it include 
ether, used as an anesthetic; glycol ethers, 
used as solvents; esters such as ethyl, 
butyl and amyl acetates; and ethyl chlo- 
ride (chloroethane). In mid-twentieth 
century, U.S. production figures for etha- 
nol showed an annual output of between 
400 million and 500 million proof gallons. 


of the most commonly used reagents in chemi- 
cal laboratories. 


INDUSTRIAL SOURCES, 
BIOLOGICAL METHODS 


Industry uses both biological and chemi- 
cal methods to manufacture alcohol. 
Sugar-yielding products, such as beets, 
cereals, potatoes, and the by-products of 
the paper industry, are used as raw ma- 
terials in this process. The starch from 
these products is converted into ferment- 
able sugar by a preliminary treatment 
with malt. For fermentation to take place, 
the sugar must be composed of simple 
molecules. 

Cereals and potatoes contain starch, 
a polymer of simple sugar, which must 
be broken down into single units before 
fermentation. The agent used to break 
down the chains of starch into molecules 
of glucose is an enzyme called diastase, 
obtained from malt. The same result may 
be obtained by subjecting the starch to 
an acid hydrolysis. This process is used 
to obtain simple sugar from cellulose 
residues of paper industry by-products. 


The transformation of sugar into al- 
cohol is accomplished with yeasts—mi- 
croscopic fungi. The following formula is 
a synthesis of the long and complex 
transformation: 

yeasts 

C5H120¢ 

sugar 

The complexity of the transformation 
is illustrated by the fact that fermenta- 
tion requires as many as 12 different 
types of enzymes, producing that many 
intermediate products before the final 
creation of ethyl alcohol and carbon di- 


2C,H;OH + 2CO». 
ethyl alcohol 


PRODUCTION OF ETHYL ALCOHOL—Com- 
pact models of molecules (Illustration 5a) 
represent the reaction leading to the forma- 
tion of ethyl alcohol from ethylene, through 
the formation of an intermediate compound 
of sulfuric acid. Ethyl alcohol can also be 
prepared from acetylene passing through acet- 
aldehyde, as shown in Illustration 5b. 
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DISTILLATION COLUMN — Shown here is an 
industrial purification plant using distillation. 
Inside the column are perforated plates that 


increase the surface in contact with the vapor, 
thereby enabling the components of the mix- 
ture to be more easily separated. 


oxide. After fermentation 
arated from the rest of t 
distillation. 


hol is sep- 
lution by 


Fermentation does not ; `e a strong 
concentration of alcohol. ty percent 
of alcohol is the average ; a larger 
percentage inactivates the organisms 
that initiate the process 
INDUSTRIAL SOURC! 

CHEMICAL METHOD 
Countries with good sup; Xf coal or 
petroleum use chemical »ds to ob- 
tain alcohol. Ethylene, w! s obtained 
from the cracking of pet n or from 
the distillation of coal ta: ) example 
of this synthesis: 
H 
CH: = CH;- 
ethylene H 
CH3-CH; O SO4H > 
— CHCH: 
ethan 

Ethanol may also be ied by a 
process called synthol, y a mix- 
ture of hydrogen and c: lioxide is 
passed through the prop: ysts, usu- 


xide, at a 
-752° F). 
scale by 


ally chromium oxide and 
temperature of 350-400 
This process is used on 
industry. 


ANHYDROUS OR ABS(¢ CE 
ALCOHOL 


Distillation is the process by which pure 
alcohol is separated from the other in- 
gredients after fermentation. The prod- 
uct being distilled boils a constant 
temperature and composition and is 
called an azeotropic mixture; it is com- 
posed of 95 parts alcohol to one of water. 
To obtain 99.9 percent pure alcohol, 
chemical means must be used to break 
the azeotrope. This is accomplished by 
dehydrating substances such as barium, 
calcium or aluminum oxides, or anhy- 
drous copper sulfate. A third substance, 
benzene, which acts as an entrainer, 18 
used in the distillation. A three-sided 
azeotrope is then formed, composed 0 


FERMENT VATS FOR BEER -— These 
copper vai ised to ferment a liquid ex- 
tract of be ) hops added. The liquid is 
subjected | rolled conditions of agitation 
and temp: 

alcohol, w and benzene, which boils 
at 65°C ( F). When all the water 
has been ved, the product distilled 
is anhydrous alcohol at 78° C (172° F). 


ALCOHOLIC BEVERAGES 


The raw materials used to make wines 
are grapes and ciders of other fruits. 
Such wines are quickly made, for they 
Tequire only the natural processes of 
fermentation and maturing. On the other 
hand, beverages with a high alcohol con- 
tent require distillation from the fer- 
mented products, 

Cognac is derived from the dregs of 
Pressed grapes; brandy is made from 
the juices of fruits, particularly cherries. 
Rum is made from sugarcane; whiskey 
comes from corn or other kinds of grain 
rich in starch, As many varieties of whis- 
key are made as there are kinds of grain 


PLANT FOR PRODUCING SYRUPS—Fruits and 
flowers are used to make linctus and other 
syrups, which are transformed into alcohol by 
fermentation. 

The illustration shows part of a large phar- 


or malt. Juniper berries and aromatic 
herbs are used to make gin. Wheat, rye, 
com, potatoes, sugar beets, or a combi- 
nation of several of these, are the basis 
for vodka. 

Liqueurs or cordials are the brightly 
colored, fragrant, and sweetened mem- 
bers of the family of distilled spirits. De- 
veloped originaly during the middle 
ages by physicians and alchemists, they 
were touted as medicinal remedies, love 
potions, and general cure-alls. They have 
been known as oils, balms, and elixirs 
as well as liqueurs and cordials. The 
variety of colors, flavors, and combina- 
tions is practically limitless. The one 
factor that makes them all cordials is 
their sugar content; under U.S. regula- 
tions, a cordial must contain more than 
2% percent of sugar, but all cordials 
contain considerably more. They are di- 
vided into two groups—those with ge- 


maceutical works where linctus (a throat med- 
icament) is produced. In the middle are the 
autoclaves used for the process; they are 
equipped with systems for regulating pressure 
and temperature. 


neric names, which are produced in all 
parts of the world, and those with pro- 
prietary brand names, which are pro- 
duced by the trade-mark owner, such as 
Benedictine and Chartreuse, and are 
made only at their places of origin. 

The quality and characteristic taste of 
all these beverages are determined by the 
various secondary products that form 
along with the alcohol during fermenta- 
tion, or that distill with the alcohol. 
These include aldehydes, higher alco- 
hols, fatty acids, and, above all, esters— 
the substances that carry aromas. 

Alcohol in large quantities cannot be 
properly metabolized by the body; that 
is, it cannot be changed rapidly into car- 
bon dioxide and water, and thus elimi- 
nated. An excess of alcohol damages the 
tissues, especially those of the liver, and 
also does injury to the central nervous 
system. 
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EIHERS 


To the average individual, ether evokes 
visions of hospitals, surgeons, and gleam- 
ing operating rooms. This volatile, flam- 
mable liquid has long enjoyed use as an 
agent to render the surgical patient un- 
conscious. The first public demonstration 
of the anesthetic use of ether vapors in 
surgery was made by a Boston dentist in 
1846. It remains one of the most widely 
used general anesthetics. 


DIETHYL ETHER—This is the most important 
compound in the ether series. It is sometimes 
given the name "sulfuric ether" because it 
can be produced by dehydrating ethyl alcohol 
with sulfuric acid. Diethyl ether is highly 
volatile and flammable and must be handled 
and stored with care. Manufactured on a large 
scale, the compound is used mainly as a 
Solvent and general anesthetic. 


a 


The word ether, or aether, is derived 
from an ancient Greek word meaning 
"air and especially the bright, upper 
air. Ancient philosophers speculated that 
a weightless, fluid kind of matter pre- 
vailed in the Heavens and called it ether 
(hence, ethereal beings). Later, alche- 
mists called very volatile materials ethers, 
perhaps relating them to the celestial 
matter. Prominent among these ethers 
was the light, vaporizing liquid obtained 
by distilling spirit of wine (alcohol) with 
oil of vitriol (concentrated sulfuric acid), 
still known as ether. Today’s chemists 
classify ether (or, more properly, diethyl 
ether) as a member of a group of organic 
compounds with similar structures and 
properties, called the ethers. 

Independently, —seventeenth-century 
physicists postulated the existence of a 
weightless fluid, ether, filling all space. 
This ether, unrelated to the ether of the 
chemist, accounted for many puzzling 


solvents and anesthetics 
from organic chemistry 


phenomena, such as the transmission of 
light waves and magnetic forces through 
a vacuum, until in the early twentieth 
century it was superseded by the devel- 
opment of quantum mechanics. This arti- 
cle is concerned only with the class of 
chemical compounds called ethers. 

Represented structurally, the general 
formula for ethers is not unlike that of 
water or the alcohols: 


R-O-R' 
ether 


H-O-H 
water 


R-O-H 
alcohol 


(In organic chemical shorthand, the let- 
ters R and R’ indicate the presence of 
hydrocarbon groups. ) 

By replacing one of the hydrogen 
atoms in the water molecule with an 
alkyl group, an alcohol is obtained. If, 
instead, an aryl group replaced the hy- 
drogen atom, a phenol (aromatic com- 
pound with hydroxyl group) would be 
produced. If both hydrogen atoms in the 
water molecule are replaced by hydro- 
carbon groups, the product is an ether. 
Additionally, if both hydrocarbon groups 
are identical the ether is called “symmet- 
rical” in composition; if the groups differ, 
the ether is termed “asymmetrical.” For 
example: 


CH;,—CH.—OH 


an alcoh 
alcohol methyl alcohol 


LNE 
a phenol eye OH 
phenol (carbolic acid) 
a symmetrical CH;—CH.—O 
ether —CH;-CH; 


diethyl ether 


an asymmetrical) CH,-O-Z X 
zi \ TE 


ether = 
methyl phenyl ether 


In these compounds, the bonds actually 
occur between the oxygen and carbon 
atoms; the formulas do not show the 
positions of the atoms in the molecules. 
Ether compounds exhibit little reactiv- 


METHYL PHENYL ETHER 


illustration 
shows the molecular struc: ` an asym- 
metrical ether (an ether in the hydro- 
carbon groups attached to xygen atom 
are different from one anoth symmetrical 
ethers in general, and alk | ethers in 
particular, can be manufac by the Wil- 
liamson process in which a yl halide is 
reacted with a sodium alco or sodium 
phenate. 
ity because the C-O—C is are very 
stable (they are highly re it to being 
broken). This property +- unces their 
use as solvents for oth: ganic sub- 
stances and makes them suited for 
use in the most delicate re. ions where 
the presence of the solvent iust have no 


effect on the formation of the products. 
Ethers approach alkanes in inertness. The 
alkoxy group is not damaged by most 
strong acids or bases and resists splitting 


DIVINYL ETHER—While many ethers havin 
a small number of carbon atoms in me 
molecules exhibit anesthetic properties, enm 
divinyl and diethyl ether are used as ones: 
thetics. All other ethers are either difficult Eg 
administer properly or have too high a deg" 
of toxicity. 


by oxid: ‘x by a Grignard reagent. 
Howeve: s are split fairly easily by 
concent: logen acids, particularly 
hydriod: which reacts with, for 
exampl: ! propyl ether, when mod- 
erately to form propyl alcohol 
and me! lide on a molecule-for- 
molecuk 
CH,-O CH;-CH; + HI 

, CH3-CH3-OH + CHjl. 
A comm urrence in organic reac- 
tions is t} products react in turn to 
form nev possibly unwanted, com- 
pounds. | previous example, an ex- 
cess of hy c acid could continue to 
act on th yl alcohol to form propyl 
iodide; 
CH;-CI i,—OH + HI 

?Ha3—CH3- CHI + H50. 

Thus, th: iic chemist must use spe- 
cial tech: to determine where his 
reaction g so that he obtains only 
the end ; ts he seeks. 

One c ristic of the aliphatic, or 
open cha: rs is a tendency to change 
into uns! peroxides on prolonged 
contact y ir. These peroxides are 
highly ex * even in low concentra- 
tions, anc quently aliphatic ethers 
require g ue in handling. 

The mo able member of the ether 
series is d ether. Because the oldest 
method of vufacture, still quite com- 
mon, involv. dehydrating ethyl alcohol 
with concentrated sulfuric acid, this com- 
Pound has been called sulfuric ether (in- 


correctly, by present standards). The 
manufacturing process is quite straight- 
forward: 


CH,-CH, 


SS 
OH HSO, 


mL v4 


OH 140° C 


ut 
CH,-CH, 
CH;—CH: 


N 
O + H:O. 
CH;,-CH. 


Diethyl ether is a light, colorless, highly 
= liquid. It boils at only 35°C 
(95° F), and because its vapors form ex- 


DIOXANE—Paralleling the 
ethers in manufacture and chemical behavior 
is the series of cyclic ethers. Structurally, 
these compounds belong to the heterocyclic 
series. One of the most interesting and im- 
portant cyclic ethers is dioxane, which is used 
mainly as a solvent. 


“open-chain” 


plosive mixtures with air, care must be 
exercised in handling the compound. 
However, the ease with which diethyl 
ether vaporizes makes it useful as an 
anesthetic inhalant. The action of the 
ether is on the central nervous system; 
hence it is a general, rather than a local, 
anesthetic. Prior to total relaxation, the 
patient experiences a sense of intoxica- 
tion and may experience hallucinations. 
Ether taken internally is similar in effect 
to ingested alcohol. 

Other ethers with low molecular 
weights could also be used as general 
anesthetics, but for drawbacks such as a 
high degree of toxicity and difficulty of 
administration. Divinyl ether is some- 
times used, but diethyl ether remains the 
compound of choice. 

Another method used to prepare di- 
ethyl ether is to pass ethyl alcohol over 
a dehydrating agent such as magnesium 
sulfate or aluminum oxide, at high tem- 
peratures. Other ether compounds can 
be produced by these methods, but the 
reactions must be controlled carefully. 
For example, alcohols can be dehydrated, 
resulting in the formation of alkenes: 


CH,—CH.—OH > CH; = CH; + HO. 
ethyl alcohol ethylene 


Additionally, these methods can be used 
only when the products are to be sym- 
metrical ethers. For instance, if two dif- 
ferent alcohols react in the process, a 


mixture of three ethers is the result: 


R-OH + R'-OH 
> R-O-R' + H20; 
R-OH + R-OH 
> R-O-R + H20; 
R'-OH + R'-OH 
> R'-O-R' + H0. 


A method used to manufacture ethers 
of all types is the Williamson process, in 
which a sodium alcoholate or a sodium 
phenate is reacted with an alkyl halide: 


R-ONa + R’—Br 
> R-O-R' + NaBr. 


The Williamson process is a simple 
method to synthesize asymmetrical 
ethers, and finds special importance in 
the manufacture of the aromatic series. 
Given the stability of the aromatic hal- 
ides, however, sodium phenates, rather 
than aryl halides, should be used in the 
reaction, which then proceeds with an 
alkyl halide. For methylation a dimethyl 
sulfate may be substituted for the halide: 


CH-O O 
— NL 
4 Sona + aie 
= A N 
CH0 0 
Mo O 
— Ef. 
-4 S-0-CHs + S 
= SN 
CHO 0 


Compounds consisting of a ring 
formed by one or more oxygen and car- 
bon atoms have a special place in the 
ether family, and are called cyclic ethers. 
The primary members of this group are 
furan, tetrahydrofuran, and dioxane: 


[0] 
pz | | d li 
AIZ NA AA 
oO [9] [9] 
furan tetrahydrofuran dioxane 


Structurally, it is evident that these com- 
pounds belong to the heterocyclic series 
(where different types of atoms are 
joined in a ring). Their chemical be- 
havior, however, parallels that of the 
ethers. 

Furan is a compound in which a com- 
bination of double bonds and the possi- 
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TETRAHYDROFURAN—This is the most im- 
portant member of the cyclic ether series. 
Produced by hydrogenating furan, tetrahy- 
drofuran has a wide range of industrial uses 
—as an intermediary in the synthesis of nylon 
and the manufacture of special aromatic com- 
pounds, and as a solvent in certain organic 
reactions between compounds that cannot be 
dissolved in ordinary ether. 


bility of dipolar forms results in consid- 
erable resonance stability (similar to the 
aromatic ring structure): 


But, many of its reactions are typical of 
ethers. 

Tetrahydrofuran, on the other hand, is 
a genuine ether. It is obtained by hydro- 
genating furan in the presence of a nickel 
catalyst. Tetrahydrofuran’s ring can be 
opened by treatment with hydrochloric 
acid, thus giving the compound its im- 
portance in many chemical processes. 
The tetrahydrofuran molecule no longer 
has the aromatic properties associated 
with its precursor, furan. In scientific re- 
search, tetrahydrofuran is used as an effi- 
cient solvent, enabling delicate reactions 


CELLULOSE ACETATE SPINNING PLANT— 
Until recently, compounds produced by the 
elimination of water in an acid-alcohol reac- 
tion were called ethers. Showing properties 
quite different from true ethers, such com- 
pounds are now termed "esters." The illustra- 


tion shows the spinning of cellulose acetate 
fibers into yarn. 

Cellulose acetate, which at one time was 
considered an ether, is used in large quantities 
to manufacture rayon acetate, a synthetic 
fiber used in manufacturing textiles. 


to be conducted with sub 
ble in diethyl ether. 
Dioxane also exhibit: 
properties. It is produced 
ethylene glycol (a majo: 
“permanent” antifreeze ) : 


‘aces insolu- 


gh solvent 
dehydrating 
miponent of 


HO HO 
A RS A 
CH: GH. CH. OH, 
| | + 2H,0. 
CH, CH: CH Hy 
AN \ 
HO HO 
Three-atom rings are |» lly less sta- 
ble than six-atom rings :use of dis- 
torted bond angles. For reason, the 
dehydration occurs be n hydroxyl 
groups of two separate 1 -cules rather 
than between those of same mole- 
cule. If dehydration occ | within the 
same molecule, a rel: |y unstable 
three-atom ring would | »yoduced: 
OH 
PA N 
CH, CH.“ 
tor o ih 
CH2 CH; 
PN 
OH ethyler: e 
In actuality, ethylen: ide is pro- 
duced commercially by sods such as 
the catalytic oxidation o! — lene in air. 


ember of the 
cyclic ethers 
by only three 


This oxide is the simple: 
epoxy group—a group 

wherein the ring is form 
atoms. In a triatomic sing, the mean 
value of the bond angles is 60°, while the 
normal bond angle in the tetrahedral 
carbon atom is about 109°, and in bi- 
valent oxygen at least 105°. Thus, the tri- 
atomic ring molecule is very reactive. A 
case in point is cyclopropane, which, 
though a saturated compound, has a re- 
activity comparable to unsaturated hy- 
drocarbons. 

Because the epoxy ring is easily broken 
with acids, bases, and other common 
reagents, it lends itself to use in many 
syntheses that might otherwise require 
more complex processes. 

A well-known and useful product of 
polymerization of an epoxide is epoxy 
resin, used chiefly in coatings and adhe- 
sives. The most versatile of all adhesives 
epoxy resins provide excellent adhesion 
to both porous and nonporous materials, 
including metals. Epoxies harden by 
chemical action. 


ESTERS 


The esters : «tremely important func- 
tional der: of carboxylic acids. AII 
of the fun derivatives of carboxylic 
acids are c rized by the acyl group: 
pp 
-C 
"s 
In the ca: ers, the —OH group of 
the acid | OH) is replaced by an 
—OR' grow 
/9 
C 
X OR’ 
Esters may considered the organic 
equivalent organic salts. They are 
produced | ` elimination of a water 
molecule froi -n acid and an alcohol: 
XO! H —— XY -- H;O 
basi 1 inorganic 
salt 
yo 
R'-C JR——RCOOR' + HO 
add SO a entes 
Despite th nilarity to inorganic salts, 
esters are dly organic substances. 
With the c: ion of the first few mem- 
bers of the s . they are sparingly solu- 
ble in wate: 
Esters are prepared by heating a car- 
boxylic acid sad an alcohol in the pres- 


ence of a sma!! quantity of a mineral acid 
that acts as à catalyst. In the expression 


+R’-OH = 
alcohol 


= R-C +H.0 


est k OER 
er water 


Where R and R' are any two organic rad- 
icals, the reversed arrows indicate that 
the reaction is at equilibrium; that is, the 
Tate of the forward reaction equals the 
Tate of the reverse reaction. Put another 
Way, the ratio of the product of the con- 
centrations of the reaction products to 
the product of the concentrations of the 
Teactants is a constant Ke. In symbols, 


K. = [RCOOR'] [H 
mm 1 [H:O] / [RCOOH] 


important derivatives 
of the carboxylic acids 


When a carboxylic acid is simply mixed 
with an alcohol, equilibrium is reached 
very slowly. It is, therefore, necessary to 
increase the speed of the reaction; this 
can be done by means of a catalyst. As 
mentioned, the most frequently used cat- 
alysts in esterification reactions are min- 
eral acids (HCl, H5SO,) in extremely 
small quantities. For example, if acetic 
acid is reacted with ethanol in the ab- 
sence of a catalyst, the reaction reaches 
equilibrium after several days. The addi- 
tion of a small quantity of concentrated 
sulfuric acid or of hydrochloric acid, how- 
ever, increases the rate of reaction so that 
equilibrium is reached within a few 
hours. 

To shift the equilibrium in favor of the 
formation of the ester, it is also possible 
to eliminate the product water or to re- 
move the ester as fast as it is being 
formed. Since the ratio shown above must 
remain constant, this leads to the forma- 
tion of further products. 

If the esterification reaction does not 
take place rapidly enough after a catalyst 
has been added, the ester can be pre- 
pared as follows: 


R'COOAg + XR — R'COOR + AgX. 


R'COOAg is the silver salt of an organic 
acid, and XR is an alkyl halide, such as 
ethyl bromide, C:H;Br. This method, 
however, involves considerable expense. 
Other reactions are frequently used to 
prepare esters. Two of these are: 
(RCO);0 + R'OH — RCOOR' + 
anhydride ^ alcohol ester 
RCOOH 
acid 
and 
RCOCI + R'OH —> RCOOR' + HCl 
acid alcohol ester hydrogen 
chloride chloride 
where R’, in both cases, can be either an 
alkyl or an aryl radical (CH;— or CoHs—, 
for example). Two additional methods 
are as follows: 


RCONH, + R'OH —> RCOOR’ + NH; 
cohol 


amide alı ester ammonia 
and 
RC=N + R'OH + H:O —> RCOOR' + 
nitrile alcohol water ester 
NH; 
ammonia 


i 


METHYL FORMATE—Esters of the lower fatty 
acids with saturated alcohols are volatile 
liquids with a pleasant odor. Higher members 
of the series are solids with almost no odor. 

Methyl formate (HCOOCH;) has a melting 
point of — 100° C (— 148? F), a boiling point 
of 32? C (89.6? F), and a density lower than 
the density of water. 

The illustration shows a molecular model of 
HCOOCH;. The white spheres represent hy- 
drogen, the black carbon, and the red oxygen. 


The choice of a method depends on the 
availability of reagents. For example, one 
method that calls for special care is the 
following: 


RCOOH + CH;N5——» RCOOCH; + No. 


In this case, the reagent is explosive and 
poisonous. 

Another extremely important reaction 
for the preparation of esters is so-called 
transesterification. This method involves 
the base catalyzed reaction of an alcohol 
with an ester to produce a new ester plus 
the alcohol of the first ester. 

Transesterification is a reversible proc- 
ess; however, by forcing the equilibrium 
toward the end product by means of an 
excess of the alcohol employed in the in- 
terchange, satisfactory yields can be ob- 
tained. The transesterification reaction is 
catalyzed by both acids and bases ac- 
cording to two different mechanisms, as 
follows: 


Ht + OH- 
R'COOR” + ROH ——— R'COOR + 
R”OH. 


One possible mechanism of a transesteri- 
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fication reaction catalyzed by an acid is as follows: 


i 
R'-C-OR"--H* 


OH 
| 
R'-C-OR" 


+ 


With regard to the acid reagents, it may 
be useful to know that the longer the 
hydrocarbon chain, the slower the reac- 
tion. The reactivity of alcohols, however, 
depends on the location of the —OH 
group within the molecule. Primary alco- 
hols react more rapidly than secondary 
alcohols, and secondary more rapidly 
than tertiary alcohols. 


PHYSICAL PROPERTIES 
OF ESTERS 


Esters are generally liquids; only those 
with a high molecular weight are solids. 
Esters are practically insoluble in water; 
they are, however, soluble in both alcohol 
and ether. 

Although they have higher molecular 
weights than the acids from which they 
are derived, esters have lower boiling 
points because there are no hydrogen 
bonds between molecules, as in organic 
acids. 

Esters derived from solid acids, in turn, 
have lower fusion (melting) points than 
the corresponding acids. They are also 
more soluble in organic solvents. Esters 
have a pleasant smell. Indeed, the scent 
of many flowers and fruits is due to a 
mixture of volatile esters. This is also 
true of many artificial aromas. 


CHEMICAL PROPERTIES 


An acid and an alcohol are produced 
from an ester by means of hydrolysis. 
Such reactions can be carried out in the 
presence of acidic or basic catalysts. The 
reduction of an ester, on the other hand, 
leads to two alcohols: 


talyst 
RCOOR’ + 2H» RCH;OH + ROH 


or 


sodium 
RCOOR' —— — RCH;OH + R'OH 
in alcohol 


If an ester is treated with ammonia 
(NH3) in an alcohol solution, an amide 
is produced. For example: 


y, [0] 
CH;-C 

Noc, 
ethyl acetate 


+NH; — 


79 
—* CH;-C 


acetamide \. 


+ CsH,OH 
NH: 


Moreover, esters react with Grignard re- 
agents to yield tertiary alcohols: 


RCOOR' + 2R"MgX 9, 
Pe 


* MgO + HX + R'-0-Mg-X 
SOME IMPORTANT ESTERS 


Esters are one of the most important sub- 
stances of the chemical industry. Soaps, 
waxes, synthetic textile fibers, cosmetics, 
perfumes, pharmaceuticals (particularly 
aspirin), solvents for paints and plastics, 
artificial food flavors, plasticizers—these 
are only a few of the great number of 
products in which esters play a significant 
part. Some esters of great industrial in- 
terest are as follows: 


The esters of phthalic a 
COOH 


COOH 


produced by oxidation 'aphthalene 


ae 

N/NZ 
are of fundamental impo? ve in various 
industrial areas, includi: textiles, syn- 


stic linings. 
s an isomer 


thetic resins, paints, and 
In the field of synthetic 


of phthalic acid rather t the acid it- 
self is used. The isome question is 
terephthalic acid, a com id in which 
the substituted groups « lentical but 
situated in different posi s: 
Cox 
| 
( i 
y 
Coo 
Phthalates can be use plasticizers; 
that is, they serve to ma! ie polymers 


more flexible when they jo fragile in 
their natural state. 
Phthalates serve this f 
bonding with the chains 
thus producing a netwo 
by being inserted betwec: 


on either by 
he polymer, 
tructure, oF 
e chains and 


ETHYL FORMATE—Ethy! formate, HCOOCHs, 
just as methyl formate, boils ai a temperatur 
lower than the boiling point oí either the ur 
or the alcohol from which it is derived; Its 
boiling point is 54° C (129.2? F). 1 

Ethyl Mortnáte freezes at —80° C (—112* P 
its density at 20? C (68? F) is 0.906 grams/cm". 
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METHYL AC E— The methyl and ethyl 
esters are | There are no hydrogen 
bonds in the quids. Hence, they boil at 
lower tempe s than the corresponding 
acids (which iin hydrogen bonds) despite 
the fact th əy have higher molecular 
weights. 

Methyl ac CH3COOCH;, freezes at 
—98*C (- F) and boils at 57°C 
(134.6? F); i: ity at 20° C (68° F) is 0.934 
g/cm. 
acting as «: ral plasticizer. The dis- 
advantage is is that the phthalate 
slowly but ily volatilizes, The prod- 
uct thus ten become fragile with the 
passage of 

The mos: juently used phthalates 
are the pr: butyl, isobutyl, isoamyl, 
allyl, and h 

Esters ar: ful not only to modern 
synthetic ch» stry, Waxes, for example, 
are esters of iù: higher fatty acids (acids 
with a long hydrocarbon chain) and of 


the higher alcohols. 

Fats and oils are also esters. In these 
cases the alcohol is a polyhydric alcohol; 
that is, an alcohol with more than one 
—OH group; the glycerides (the fats and 
the oils that derive from polyhydric al- 
cohols are generally called triglycerides ). 
The acid part consists of acids with long 
hydrocarbon chains (fatty acids). Ordi- 
nary olive oil, for example, is the triglyc- 
eride of oleic acid, 

Returning to plastic materials, the es- 
ters of acrylic and methacrylic acids are 
9f some interest: 


CH,—-CH-COOH 
and 


CH; 
CH,-6-cooH 


These esters polymerize and yield the 
widely used acrylic resins. The esters of 
acrylic acid are also used in artificial 
textile fibers. 

Rayon is yet another ester (the alcohol 
part is made up of cellulose). An ester 
known as _bis-2,ethyl-hexyl-sebacate is 
used in jet turbines. 

Among the esters used in the pharma- 
ceutical field, the most famous is un- 
doubtedly common aspirin, the sodium 
salt of the ester-acid, acetylsalicylic acid: 


OOCOCH; 


BE OH 
N 


The derivatives of benzoic acid 


on 


Q 


and para-amino-benzoic acid 
COOH 


| 
NH. 


are also widely used as cardiotonics, an- 
esthetics, and fungicides. 

Esters also find many applications in 
the cosmetics and perfume industries. 
The most common fruit odors are due to 
esters; amyl acetate has a pear-like odor, 
and amyl butyrate gives the apricot its 
characteristic scent. 

From a quantitative point of view, 
esters find their greatest application as 
solvents in the paint and plastics indus- 
tries. Some examples are: 


CH4COOCH; 
methyl acetate 


CH;COOCH;CH; 
ethyl acetate 


CHicó0-6M- CH. 


CH; 
isopropyl acetate 


CH,COOCH.CH;CH:CH; 
butyl acetate 


CH3COOCH.;CH;CH;CH;CH; 
amyl acetate 


ESTERS OF INORGANIC ACIDS 


The esters of inorganic acids constitute 
a class of their own. These compounds 
are formed by means of reaction between 
inorganic acids and alcohols. The sul- 
fates are widely used as intermediates in 
the chemical industry (methyl sulfate, 
CH30S0;H, for example) and as deter- 
gents (sulfates of higher alcohols such 
as the sodium salt of lauryl sulfate, 
C; Ho3CH30S0;- Na+ ). Organic nitrates 
are associated with the name of Alfred 
Nobel, the Swedish inventor who intro- 
duced the industrial production of nitro- 
cellulose (obtained by treating cellulose 
with a mixture of nitric and sulfuric 
acids). Nitrocellulose lacquers are used 
to spray-coat automobiles, airplanes, and 
furniture and to dip-coat hardware, brush 
handles, and other mass-produced items. 
Lacquer coatings that contain nitrocellu- 
lose improve the oil resistance and wash- 
ability of paper. Nitrocellulose plastics 
are widely used in eyeglass frames. Arti- 
ficial leather is made by coating cotton 
fabrics with solutions containing nitro- 
cellulose. Among the phosphates, certain 
derivatives of pyrophosphoric acid are 
used as insecticides. 


N-PROPYL ACETATE—Esters are used in the 
purification of the corresponding acids and for 
the separation of several different acids. 

CH,COOC;H; is the formula for n-propyl 
acetate. It is a liquid at ordinary temperatures. 
It freezes at —92° C (— 133.6? F) and boils at 
101.79 C (about 214? F). Its density is lower 
than the density of water—0.886 g/cm? at a 
temperature of 20° C (68° F). 


—————————————————O 
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THE AMINO ACIDS | 


Proteins are the fundamental constitu- 
ents of every living cell, whether it is ani- 
mal or plant. These proteins are made 
by the condensation of various molecules 
of amino acids. The very origin of life on 
Earth may well have come about by the 
initial formation of amino acids in the 
primeval waters, subsequently condensed 
into protein substances. The human body 
is about 16 percent amino acids by 
weight; about half of the organic mate- 
rials contained in the human body are 
amino acids. In addition, protein chains 
contribute to the buildup of various ac- 
tive substances essential to living organ- 
isms, such as enzymes—the catalysts of 
metabolic reactions. 

Amino acids are characterized by 
the presence of the carboxyl group 
(—COOH) and amine group (—NHz2) in 
the same molecule. Their properties de- 
rive from the coexistence of these two 
groups of opposite nature—the first is 
an acid; the second, a base. 

The o-amino acids are particularly in- 
teresting from the physiological and prac- 
tical point of view. In them, the carboxyl 
and amine groups are bound to the same 
carbon atom, as shown below. 

/ COOH 

R—CH 

NNa; 
The R-group can be a hydrocarbon chain, 
or it can include other functional groups 
(even other amine and carboxyl groups). 
Amino acids containing more amine than 
acid groups are called basic amino acids; 
those containing more carboxyl groups 
than amine groups are referred to as 
acids. Lysine is an example of the for- 
mer, and aspartic acid and glutamic acid 
are examples of the latter. 


es 
GLYCINE—This was the first amino acid to be 
obtained and isolated by hydrolysis of pro- 
teins. It constitutes 10 percent of the Protein 
part of an animal organism. 


Protein chains consist of long se- 
quences of amino acids with the linkage 
—CO-NH-. This linkage could be the 


the first chapter in 
the chemistry of life 


result of a polymerizatic 
reaction between oppos 
with elimination of wate 


ondensation 
volar groups 


H:N—CH—CO QF ~ H-N—CH—CO QH >, H-N -COOH 
k ee «e nC 
PA 
ME 
Proteins can be classified by the length tained by the degrada of proteins, 
of their polyamide chains (which can although they are also : | in nature. 
reach several thousand units), by the  Polypeptides have a st: e analogous 
type of constituent amino acids, and by to that of protein; th: e, however, 
the sequence in which the amino acids constituted of short seq) >$ of amino 
are bound together. acids, 
The amino acid content of proteins 
varies considerably. Glycine (H2.N—CH, PREPARATION OF T 
—COOH) is lacking in albumin, but is a-AMINO ACIDS 
relatively rich in gelatin. The keratines 
(proteins in hair and epidermal tissue) A classic method for esizing the 
are rich in cystine, an amino acid that  a-amino acids is the rea of the halo- 
contains sulfur. Polypeptides can be ob- — genated carboxylic acid h ammonia: 
y COOH 
R-CH-COOH + 2NH;^ R-CH T NH 
| ammonia N NH: ammonium le 
Br 3 
bromocarboxylic acid 
The reaction between the esters of the of phthalimide can be co ved a modi- 
halogenated acids and the potassium salt fication of this synthesis 
R—CH—Br ION AY CON, : 
| N | .] — R—cH—N + KBr 
COOG;H; ~co-\¥ | “co 
erbromocatbonyic BF phtaln in “romide 


aci 


The product is hydrolyzed, first with so- 
dium hydroxide, and then with hydro- 


chloric acid, as represented by the follow- 
ing structure: 


HCl 


This results in an amine salt. Treating the 
amine salt with an alkaline solution yields 
the amino acid again. 

Amino acids can also be prepared from 
another category of bifunctional com- 
pounds—the keto acids—that contain the 


R—CH—NH:: HCl 


| 
COOH 


carbonyl group (=C=0) in addition 
to the carboxyl group. In the first stag? 
of preparation the keto acid reacts W! 

phenylhydrazine to form the correspon” 
ing phenylhydrazone with the elimination 
of water. The phenylhydrazone is the? 


reduced with activated hydrogen, as shown by the following: 


+ HON NH- CH; 


'O—(CH3)4,—COOH 
keto acid 


COOH 


—H:O 


— CH; COOH 


pec 
I 
N—NH—C4H; 
phenylhydrazone 


(CH), 


+H: 


CH—(CH)n 
| 
NH, 


amino acid 


The St synthesis, which is more hyde. This forms a hydrocyanide, whose 
common! in laboratory prepara- hydroxyl group is converted to an amine 
tions, co! f the addition of prussic with ammonia. The —CN group is then 
acid to tl ;onyl group of an alde- saponified by an acid treatment. 

HCN /OH «NH. 
R—CHO ———— R—CH¢ —— 
aldehyde Non THO 
hydrocyanide 
NH: +H.O NH: 
R—CH( - R-CHÓ 
NON NE ^cooH 
The synth carried out rapidly and that are of great practical interest. The 
easily by commercially available amide bonds are hydrolyzed by special 
salts: am: ı chloride (NH,Cl) and fermenting agents (such as pepsin or 
sodium c; ( NaCN). trypsin), or by treatment with heat and 

The ma es of a-amino acids are dilute sulfuric or hydrochloric acid. The 
the natur teins, such as albumin. acid and base functional groups of the 
Proteins : sken down by methods amino acids are thus reobtained. 

ii The enzymes pepsin and trypsin also act 
ALANINE— T! dextrorotatory form of this on food proteins during digestion. Pepsin 
amino acid « n nature. It was the first is most active in a weak acid solution; 
amino acid : e synthesized, using the trypsin, in a slightly alkaline environ- 


Strecker method. This synthesis can be done 
Ens with commercially available salts. 


ment. Moreover, pepsin does not degrade 
natural albumins beyond the polypeptide 
stage, while trypsin produces complete 
hydrolysis to amino acids. 

The end products of these degradation 
reactions are complex mixtures of a- 
amino acids. Separating them out is a diffi- 
cult problem. The monoaminodicarbox- 
ylic acids—such as aspartic acid and glu- 
tamic acid—can be separated due to the 
low solubility of their calcium and bar- 
ium salts in aqueous alcohol. The basic 
amino acids can be precipitated from so- 
lutions with phosphotungstic (phospho- 
wolframic) acid. Finally, the monoamino 
acids and monocarboxylic acids differ 
from the others in that they can be ex- 
tracted from neutral solutions by the ad- 
dition of butyl alcohol. Individual mem- 
bers of the monoaminodicarboxylic acids 


THE SYNTHESIS OF AMINO ACIDS — The il- 
lustration shows a pilot plant for the synthesis 
of amino acids. This equipment, by allowing 
a single product to be synthesized, eliminates 
the problem of separation. 


and basic amino acids can be extracted 
by means of selective precipitation of the 
salts formed with acids and bases. The 
problem is more difficult with mono- 
amino acids and monocarboxylic acids. A 
method proposed by the German organic 
chemist Emil Fischer is to transform 
these substances into the corresponding 
ethyl esters (which are liquids that can 
be distilled) and then to separate them 
by fractional distillation. Other methods 
of preparation for specific amino acids 
are discussed further in subsequent para- 
graphs. 

The synthesis of a-amino acids in liv- 
ing organisms is a problem of great bio- 
logical interest. By 1970, the problem of 
how the living cell synthesizes protein 
had been all but completely clarified. 
Many laboratories had synthesized spe- 
cific proteins. It is believed that the in- 


PROTEIN HYDROLYSIS—Shown in the photo- 
graph is a group of enameled reactors used 
for acid hydrolysis. The hydrolysis of proteins 
is the most important method for industrial 
production of amino acids. 
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termediate compounds are a-keto acids and a-aminos. 


educti 
IU RCH COOH 


+NH: 
R—C—COOH ————. R—C—COOH 


I 
Ó 


a-keto acid 


The biological degradation of amino 
acids is thought to follow the opposite 


Living organisms differ considerably 
from one another in their capacity to 
synthesize amino acids. The human body, 
for example, cannot synthesize eight of 


(—)-Phenylalanine < 2-escieoon 


NH; 

Eoen Sb H CHCOOH 
CH; NH; 

Eg (CH); CHCH,CHCOOH 
NH; 


(+)-Lysine 
NH, 


REACTIONS AND PROPERTIES 
OF THE a-AMINO ACIDS 


Under suitable conditions œ-amino acids 
undergo reactions characteristic of the 
primary amines. Particularly interesting 
is the transformation of amino acids into 
oxyacids by reaction with nitrous oxide, 
which liberates nitrogen. 

COOH 

R—CH( 


$ BNO == 
NNE: 


nitrous 
acid 


COOH 
-= R—GH( 


N: 
SO + N: + HO 


The foregoing reaction forms the basis of 
an analytic method for the quantitative 
determination of the primary amine 
groups in the amino acids. The a-amino 
acids can be made into amines by heat- 
ing the acids in an inert solvent. Such a 
solvent serves the very valuable purpose 
of eliminating every trace of carbon di- 


H;NCH;CH;CH;CH,CHCOOH 


| 
NH; 


a-amino acid 


reaction, which is represented by the 
structure: 


the amino acids required for making its 
own proteins; these essential amino acids 
must be taken in as nourishment if the 
organism is to have the proteins it needs. 


EIGHT AMINO ACIDS ESSENTIAL TO HUMAN LIFE 


(—}Methionine CH3SCH;CH;CHCOOH 
NH» 
(evinrecnine CH;CHOHCHCOOH 
NH2 


\ = 
pais || CH:CHCOOH 
(-)-Tryptophan m MH | 
N NH 


(+)-Valine ae 
NH2 
oxide present. Aqueous solutions of asino acids that 
NH. contain a single —NH group and a single 
ee —COOH group are neutral, because the 


(CH): > CH—CH;—CH E 
\coou 


leucine 
— (CHs):>CH—CH;—CH,—NH,+ CO, 
isoamylamine 


This reaction can also be brought about 
by bacteria (Bacillus proteus, B. coli, or 
B. subtilis). These bacteria are responsi- 
ble for formation of the toxic amines 
cadaverine, N H;-(CH3);—NH,, and pu- 
trescine, NH—(CH;),—NH», in the pu- 
trefaction of proteins, by decarboxylating 
the amino acids lysine and ornithine. 
These reactions require an acid envi- 


ronment or they lead to the formation of 
oxyacids. 


ANH. 
HO— \— ch, CHC ies 
= tyrosine ‘COOH 
= OH 
F HO— S—cH,—cné 
E 'COOH 


para-hydroxyphenyl lactic acid 


Alcohols are a product of some a. 
amino acid degradations. Fermentation 


produced by yeast can yi: some of the 
higher alcohols. 
p +H.0 

CH;—CH,—CH—CH¢ — 

| COOH 

CH; 

isoleucine 

CH;—CH,—CH—CH.¢ NH;4- C0; 


| 
CH; 


isoamyl alcohol 


The o-amino acids a ystalline sol- 


ids generally soluble in r and insolu- 
ble in anhydrous alco Only two 
amino acids of protein « proline and 
hydroxyproline—are so in alcohol; 
these also have peculi ructures be- 
cause they are the only s among the 
natural a-amino acids t ontain a sec- 


ondary amine group. 
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acidic and basic functional groups net 
tralize each other. This leads to the for 
mation of a bipolar ion or zwitterion (a 
complex ion that is both positively an 
negatively charged). Glycine, for exam 
ple, has the equilibrium in solution 
shown at the top of p. 95. 

The dipolar ion corresponds to à b 
internal salt. In its formation, the amine | 
group (due to its basic nature) acts a$ an 
acceptor of the H+ proton generated by 
the acid dissociation of the carboxylic 
group. 

Other kinds of ions can exist in aque 
ous solution at low and high pH value 
due to the presence of—respectivé a 
other acids and bases. Again using gr 
cine as an example, in a high concentr? 
tion of H+ ions the carboxyl dissociation 
is reversed and the following ion results 


| 


+ 
H,N—CH,—COOH 


H;N—CH;—COOH 
eR 


neutral glycine 


This co: onds to the protonation of 
the sing. Ha group by the acid pres- 
ent in t! ition. 

In an: case, the ion HEN—CH.— 
COO- d; this corresponds to the 
formati: alt by the carboxyl group 
of the a: vid and the base present in 
the high ;lution, 

Anoth ortant characteristic of œ- 
amino 5: : optical activity. An or- 
ganic co id is optically active if it 
causes à n of the plane of polariza- 
tion of polarized light passing 
through uch optical activity is not 
restricted "ystalline solids.) In gen- 
eral, a cc nd is optically active if it 
has such "ucture that it cannot be 
superimp: on its mirror image. This 
happens i: molecule contains an asym- 
metric ca) :tom—a carbon atom with 
four differ substituents. 

In the ving general example, the 
asymmetri carbon atom is identified 
METHIO 
This amin id—of which only the D 

9 nature—contains a sulfur 


form is fo: 


+ 
H3;N—CH;—COO- 
dipolar ion 


with an asterisk: 
NH: 


| 
R—C'—COOH 

| 

H 


Glycine, the simplest amino acid, is not 
optically active: H2N—CH5—COOH. An 
optically active substance exists in the 
form of two isomers (called enantio- 
morphs) having identical chemical and 
physical properties except that they ro- 
tate the plane of the plane-polarized light 
through identical angles in opposite di- 
rections. The enantiomorphs correspond 
to the two mirror images that cannot be 
superimposed. 

Depending on the direction in which 
they rotate the plane of polarized light, 
the isomers are called dextrorotatory 
(right-turning) or levorotatory (left- 
turning). This is indicated by the signs 
+ or — before the amino acid and D or L 


atom. It is used in medicine for the treat- 
ment of certain liver infections, In methi- 
onine the D and L forms are equally 
active biologically, and the racemic mix- 


Strecker 
— CH;S—CHy 


before enantiomorphs, respectively. Glyc- 
eraldehyde and alanine are written as 
follows. 


CHO CHO 
| | 
HO—C—H H—C—OH 
| | 
CH;OH CH;OH 
L-glyceraldehyde D-glyceraldehyde 
COOH COOH 
| | 
as H—C—NH; 
| 
CH; CH; 
L-alanine D-alanine 


An a-amino acid prepared by normal 
means of laboratory synthesis from op- 
tically inactive products displays no op- 
tical activity. 


GLYCINE 


Glycine, the first in the series of a-amino 
acids, is specially important because of 
its connection with the natural product 
known as betaine, Betaine is a dipolar 
form of glycine and has the character of 
an internal salt, 


ture obtained in synthesis can be used 
equally well. 

The synthesis of this amino acid is ac- 
cording to the following reaction: 


COOH 


CH;—CH: 


-CHO 4- CH;SH 


acro). methylmercaptan 


GLUTAM!I”™ ACID 
The monoso:iinm salt of the L isomer of 
this acid is w idely used as an additive to 
foodstuffs, to enhance the natural flavors 
and aromas. The hydrolysis of low-cost 
vegetable proteins is one of the important 
industrial preparations of glutamic acid. 
This reaction is generally carried out in 
aqueous solutions of hydrochloric acid at 
110°C (230° F), It is completed in about 
20 hrs, 

The hydrochloride of L-glutamic acid 


NHL.Cl + NaCN 
— 


— CH;S—CH;—CH,—CHO 
methylpropionic aldehyde 


crystallizes easily from the final acid so- 
lution (after appropriate concentration ) 
and is thus separated from other amino 
acids in solution. 

Fermentation synthesis of glutamic acid 
—using suitable microorganisms—has be- 
come increasingly important in recent 
times. The raw materials are glucose (ob- 
tained from the amide by means of acid 
or enzyme hydrolysis) and a source of 
nitrogen (urea, ammonia, or ammonia 
salts). 

A third method of industrial prepara- 


NC—CH;—CH;—CH¢ 


NC—CH;—CH,—CHO 


The importance of this synthesis is that 
acrylonitrile, the main raw material, can 

obtained on a large scale, and at a low 
Cost, from acetylene or ethylene. Unlike 


the first two processes, which employ na- 
tural raw materials and therefore yield 
the levorotatory isomer of glutamic acid, 
the method just described yields two 


reaction 


methionine NH: 


tion, completely synthetic, uses acryloni- 
trile (CH,=CHCN) as a raw material. 
This compound is first converted into 8- 
cyanopropionic aldehyde. This reaction 
uses a cobalt-based catalyst and requires 
heat and pressure. 


NC-CH-CH; + CO + Hy 
> NC—CH,—CH,—CHO 


B-cyanopro- 
pionaldehyde 


The racemic acid mixture is then ob- 
tained by the Strecker synthesis and sa- 
ponification of the —CN groups. 


COOH 


2 
— + HOOC—CH;—CH,—CH 


‘NH; 


optical isomers in equal parts. They are 
separated by a special process of crystal- 
lization and subsequent conversion of the 
dextrorotatory isomer. 


ALIPHATIC AMINES 


The amines occupy an important place 
among the organic derivatives of nitro- 
gen. This is so because of the many 
chemical transformations that amines un- 
dergo. These compounds are used on a 
vast scale in industry, both as amines in 
the true sense and as starting materials 
for organic syntheses, Various substances 
of this class of compounds are of consid- 
erable physiological importance. They 
serve as regulators and stimulators of 
fundamental bodily functions. 

Amines are derived from ammonia 
(NH;) by substituting hydrocarbon rad- 
icals for one, two, or even three of the 
hydrogen atoms in the ammonia mole- 
cule. The classification of amines is thus 
based on the number of hydrocarbon 
radicals bonded to the nitrogen atom 


R 
RON 
u^ 
primary amine secondary amine tertiary amine 


The characteristic amine groups are 
therefore as follows: 


-NH;: primary amine group 
—NH: secondary amine group 
>N: tertiary amine group 
The substituting hydrocarbon radicals 
(aliphatic, alicyclic, aromatic, and so on) 
can all be of the same type, as in di- 
methylamine (CH,) NH, or they can all 
be different, as in methylethylamine, 


CH,—N—C;H;. 


R R 
N S 
Ea 


These possibilities indicate how vast this 
class of nitrogen compounds is, 


ETHYLAMINE—Ethylamine is a primary amine 
and has the chemical formula CH,CH,NH,. 

It freezes at —80* C ( — 112* F) and boils at 
17* C (62.6* F). At ordinary temperatures the 
compound is a colorless gas with a pungent 
smell. |t has basic characteristics and is 
highly soluble in water. The white spheres in 
the model represent hydrogen, the black ones 
carbon, and the orange one nitrogen. 


The nitrogen atom in an amine can 
also form part of a cyclic molecule. This 
is the case with piperidine and quinu- 
clidine: 


NH 


CH; 
piperidine 


quinuclidine 


Amines of this type, compared to the 
simpler amines, require special methods 
of synthesis, Compounds with several 
amine groups in the molecule are called 
diamines, triamines, and so on. 

The properties of an amine depend to 
a considerable extent on the nature of the 
groups bonded to the nitrogen atom. It 
is, therefore, conventional to treat ali- 
phatic, alicyclic, aromatic, and heterocy- 
clic amines separately. Mixed amines con- 
taining alkyl and aromatic radicals are 
usually treated as aromatic amines. 

Before examining the preparation and 
reactions of each group, general proper- 
ties common to all amines will be dis- 
cussed, 


GENERAL PROPERTIES 


Hydrogen bonding is a property of all 
amines. With respect to the secondary 
amine R;NH, hydrogen bonding is sche- 
matically represented as follows: 


R R R 


| | | 
IR e Pu 

| | 

R R R 


This phenomenon occurs because the 
amine molecule is polar, and the posi- 
tively charged hydrogen atom is attracted 
to the negatively charged portion of an 
adjacent molecule. This attractive force 
is to the nitrogen atom of the molecule, 
in which only three of the five valence 
electrons are used. The molecule there- 


preparation and 
characteristic reactions 


fore has a free pair of ©) «trons: 


R 
H*|*N* 
R 
Hydrogen bonding o ; also in water 
and in the alcohols, the oxygen 
atom provides the frec tron pair: 
H I H 
| | 
ESI ke 2 — ( - H — Oaai 
Hydrogen bonds are ik compared 
to normal chemical bor: Nevertheless, 
they have a profound cft on chemical 
and physical properties see how vol- 
atility in amines is affec by hydrogen 
bonds, the following hy: carbon-amine 
pairs are compared: 
Amine and Analogous Boiling 
Hydrocarbon Point °C 


CH;-CH;-CH;-CH,-C! 
n-pentylamine 

CH;,-CH;-CH;-CH.-C! 
n-hexane 


CH,-CH;-NH-CH.,-C!: 
diethylamine 

CH,—-CH;-CH,-CH,-C! 

n-pentane 


The close similarities in molecular 
weight, form, and chain di{ensions in the 
two hydrocarbon-amine pairs should lead 
to similar boiling points. What actually 
occurs, however, is a decrease in the vola- 
tility of the amines, which involves àn 
increase in boiling point. 

The physical properties of tertiary 
amines are quite different from the phy* 
ical properties of primary and secon 
amines. In fact, there are no hydroge 
bonds in tertiary amines, RyN. Compari 
son between a tertiary amine and its cof 
responding hydrocarbon imm 
confirms that boiling point is not a 
by intramolecular forces: 
ine and Arabga Boll 


ir 
CH,-CH,-N-CH.-CHs 
triethylamine 


CHCH; 


CH;-CH.-CH-CH;-CH; 
3-ethylpentane 


| 


Diethylamine is a secondary 


DIETHYLA^ 
amine and | ^ formula (CH;CH;);NH. 

At ordina: peratures this substance is 
a liquid like ther secondary and tertiary 
aliphatic am of low molecular weight (the 

Amines bases, They react with 
acids to yi lts that are generally sta- 
ble and so in water and alcohol. 
From an : onie point of view, the 
formation © se salts (alkylammonium 
salts) occu ollows (the free electron 
pairs are s} as line segments): 

HyC. = 
H- H—Cl| — 
H^ h dioe 
Ty dro 
methy! chloride 


H3C s 
— HSN = «| ci|- 
d S 


omethylammonium 
chloride 


As can be seen, the nitrogen of the 
Amine uses jts free electron pair to bind 
the proton H^ of the acid. A bond of 
this type is called a coordinate covalent 
bond. It is shown as an arrow pointing 
Án the direction from which the electron 
Pair comes, In normal covalent bonds the 

Pair is formed by one electron 
from each of the two bonding atoms. 

The basic character of amines is in- 
fluenced by the nature of the radicals 

to the nitrogen atom. Aliphatic 

Amines are stronger bases than ammonia, 

: aromatic amines are weaker 

bases than ammonia. Aqueous solutions 

E amines give alkaline reac- 

the presence of hydroxide ion is 

by the following equilibrium: 
CH4NH; + H:O 


methylamine 
**[CH;NH;] + +OH-. 
Treating alkylammonium salts with 


exceptions are dimethylamine and trimethyl- 
amine, both of which are gases). 

Diethylamine freezes at —39* C (—38.2* F) 
and boils at 55* C (131* F). It is also highly 
soluble in water. 


strong bases (NaOH, for example) pro- 
duces the original amine: 
[(CH;);NH;] * CI- + NaOH 
lammonium 
ride 
> (CHs),NH + NaCl +H,0. 
amine chloride 


The nitrogen atom in alkylammonium 
salts is covalently bonded to one, two, or 
three radicals, depending on whether the 
original amine was a primary, secondary, 
or tertiary amine, 


[R—NH;]* X- 


monoalkylammonium 

salt 

R. + 

[ Srn] x- 

R dialkylammonium 
salt 

R + 

I x- 

RZ titliylanmosiun 


X- represents the aníon provided by 
the acid, as is indicated in the reaction 
HX-H* + X- 

There is also a fourth category of am- 
monium salts with unusual properties. 
These salts require separate treatment. 
They are the 4-alkylammonium salts hav- 
ing the following general chemical for- 
mula: 


between tertiary amines and alkyl hal- 
ides, as follows: 


CH, N 

CHN + CHi — 

CH, methyl jodide 
dimethylethylamine 


se; pe NE s& » 
CH^ NGH 
isa e ^ an 


It is interesting to follow formation of 
this type of salt using a three-dimensional 
diagram (Illustration 3). The tertiary 
amine molecule is comparable to a pyra- 
mid on a triangular base, with the nitro- 
gen atom at the summit. Following the 
addition of the alkyl halide, a tetrahedral 
molecule analogous to organic carbon 
molecules is formed. When 4-alkylam- 
monium salts are treated with silver hy- 
droxide, 4-alkylammonium hydroxides 
are produced, These compounds are 
strong bases; they are comparable to al- 
kaline hydroxides: 


[(CH,)2(CyHs).N] + Cl- + Ag OH 
=> [(CH3)a(C2Hs)aN]+ OH™ + AgCI. 


The fact that 4-alkylammonium salts, un- 
like mono-, di-, and trialkylammonium 
salts, will not decompose into amines 
when treated with caustic soda is due to 
their stability. 


ALIPHATIC AMINES 


The first two primary amines, methyl- 
amine and ethylamine, are gases with a 
pungent odor. The next nine (that is, up 
to eleven carbon atoms) are liquids; all 
subsequent primary amines are solids, 
The liquid amines with the lowest boil- 
ing points have an unpleasant fishy odor. 
Secondary and tertiary amines with low 
molecular weights are liquids, with the 
exception of dimethylamine and tri- 
methylamine, both of which are gases at 
ordinary temperatures. 

Primary amínes are generally soluble in 
water, ether, and alcohol. Solubility in 
water, however, diminishes as molecular 
weight increases. 

The three methods described here are 

often used for the industrial production 
of alkylamines. 
From alcohols and ammonia.—In this re- 
action, the reagents are exposed to a de- 
hydrating agent. Alumina is often used. 
The reaction temperature ranges between 
300 and 500* C (572 and 932* F): 


C,H,OH + NH, 
ethyl alcohol ammonia 
^ C,H,NH, + H,0. 
ethylamine 


97 


Amines formed in this manner will 
subsequently undergo alkylations; mix- 
tures of primary, secondary, and tertiary 
amines are therefore produced: 


C;H,NH; + C;H,OH 
> (C;Hs);NH + H;O. 


(C;H,);NH + C;H,OH 

=> (CjHs)sN + H;O. 
From nitriles, R~C 9» N.—Amines are pre- 
pared from nitriles by reduction with hy- 
drogen in the presence of suitable cata- 


to occur in the liquid phase, methyl alco- 
hol being employed as the solvent. 

Addition of hydrogen to the triple bond 
occurs in stages according to the follow- 
ing scheme: 


n H 
R-C=N > R-CH = 
We aie py nie 
These reactions are accompanied by the 


formation of secondary and tertiary 
amines; 


R-CH=NH + RCH,~ 
qudm 
=NH, 
—* R-CH=N-CH;R 


R-CH=N-CH;R -> RCH;-NH-CH;R 
secondary amine 


These side reactions, however, can be 
suppressed by carrying out the reduc- 
tion in the presence of ammonia. 

From ammonium and alkyl halides.— 
This reaction is carried out in a hot alco- 
hol solution, and primary, secondary, and 
tertiary amines, as well as 4-alkylammo- 
nium salts are formed. The reactions are 
as follows: 


NH, + CH,-CI 
chloride 


CH NH, + CH,-Cl [(CH,),NH,]* CI- —— 
ammonium. 


chloride 


(CHINE * CH,-Cl -[(CH,),NH]* Cl- 


(CH,),N--CH,-Cl -> 
trimethylamine 


^ (CH,NH)*Cl- L—* CH,NH, + 
DAL HANH 
chloride 


The quantities of the various amines 
produced can be controlled by varying 
the reaction conditions. An excess of am- 
monia, for example, favors formation of 
the primary amine. A typical industrial 
preparation is the production of amyl- 
amine (five carbon atoms) in an alcohol 
solution at 165° C (329° F). The reaction 
yields a mixture of primary amine (about 


[9] 


The final reaction is a saponification; it is 
carried out under alkaline conditions. 
Reduction of nitrogen compounds.—This 
reaction is of considerable importance 
for the preparation of aromatic amines, 
although it is rarely used for aliphatic 
amines. 


C;H; — NO; + 3H, 
nitroethane 


CH; — NH: 2H;0. 
ethylamine 


*NH, 
NH,CI 
ammonium 
amine chloride 
*NH, 


(CH,)NH + NH,CI 
dimethyl- 
amine 


NH, 
— 
— 


(CH4);N + NH,CI 
trimethylamine 


[(CH;),N]* CI- 


ammonium 
chloride 


4 
COOH x 
] +N, NH 
-21.0 7 
COOH c 
hj 
o 
phthalic acid phthalimide 


Cc 
N +2H:0 Va. 
I| N—CH, ———> CH NH: +| | 
Á N^ 


70 percent) and secondary amine (al 


30 percent . 

In the laboratory amines are prep 
by the last of these three me 1 
also by other methods that will no 
described. 1 
The Gabriel synthesis -This mel 
yields pure primary a: ves and uses 
potassium salt of phth:' ide: 


4 
c 
4kOH ZZ NN 0 40H 
— I| NK 
-H0 Ņ -KCl 
ES 
[9] 
potassium phthalimide 


COOH 
be 
thyl : 
uA C JH 
The Hofmann reaction -The amid 


carboxylic acids, when treated with b 


mine and alkali, can be com 1 
primary amines with è decrease of 
carbon atom in the molecule: 
[0] 
R-CÉ + Bry + 2NaOH 
\NHi 
amide a 
— R-NH; + 2NaBr + CO, + Ha 
primary sodium 


amine bromide 


The formation of the amine is exp! 
by the following mechanism: 
z 


R-C 
^NH;-HBr 


* rearrangement 
— ——— 


O2CzN-R 
a nitrene ester of the isocyanic adf 


The ester is unstable in an aik 
medium and is transformed into © 


| OF TRIMETHYLAMINE—Tri- 
ch has the chemical formula 
ry amine with a pair of free 
vitrogen atom. This diagram 
ture of the molecule as a 


THE FORI 
methylam 
(CH;)N, | 
electrons 
shows the 


amine; 
HO 
R-N O —> RNH; + CO; 

The Sch vaction.—Primary amines 
can be « ed from carboxylic acids 
by treaty ith hydrazoic acid in the 
presence uric acid: 
CH4CO( HNa 

acetic ac hydrazoic 

* CH,NH, CO; Ns. 
methylamine 

The fo: ^n of amines and diamines 
from ami: ds during natural fermen- 
tation pr s will be discussed in the 
article on 10 acids. 
CHARAC ISTIC REACTIONS 
As described methods for the prepara- 
tion of anios often lead to mixtures of 
Primary, secondary, and tertiary amines. 

A reaction frequently used for separa- 
tions employs benzene sulfonyl chloride. 
For example, tertiary amines will not re- 
act at all in a basic solution, whereas pri- 


mary and secondary amines form the cor- 
responding benzene sulfonamides: 
CH,-NH; + CoH, ~SO_-Cl 
benzene sulfonyl chloride 
> CHy~NH—SO,—C,H; + HCI. 
(CH,).NH + C,H;—-50;-CI 
> (CH;);N-$05- C4 H; + HCI. 
The three amines are then separated 
by making use of the following factors: 
a. The unchanged tertiary amine can 
be distilled from the mixture. 
b. The benzene sulfonamide derived 
from the primary amine forms a sodium 
salt and remains in solution. 


pyramid with a triangular base. The nitrogen 


produces tetra- 
methylammonium iodide, [(CH;),N]'l. In this 


c. The benzene sulfonamide of the 
secondary amine does not form a salt and 
remains undissolved, 

The free amines can be produced from 
the benzene sulfonamides by treating 
with acid, For example, consider the re- 
action with nitrous acid. Primary amines 
are generally converted into primary al- 
cohols as the result of the loss of nitrogen; 
R-CH;-NH;-4 HO-N=O 

nitrous acid 
^ R-CH;-OH + N: + H;O. 


Secondary amines are converted into 
nitrosamines: 


R;NH + HO-N=O R;N—-NO 4 H;O. 
a nitrosamine 


Tertiary amines, once again, will not 
be attacked. 

An important characteristic reaction of 
primary amines occurs with chloroform 
and alkalis: 


R-NH,+ CHCl, +3KOH+ R-NC 
chloroform an isonitrile 
+ 3KCI + 3H;0. 


The strong and characteristic odor of 
the isonitriles is a test for the presence of 
a primary amine. 


METHYLAMINES 


Methylamines are produced on an in- 
dustrial scale by the method described 
above. The mono-, di-, and trimethyl- 
amines are then separated by distillation. 
Trimethylamine is also produced by heat- 
ing molasses residues. The methylamines 
are used principally as raw materials for 
the preparation of numerous other prod- 
ucts, Some of these are shown in the fol- 
lowing equations: 


compound the tetramethylammonium lon con- 
sists of four — CH, groups arranged in a tetra- 
hedral pattern arround the nitrogen atom. This 
arrangement is analogous to the structure of 
organic carbon compounds. 


from CI;NH, and 
CICH,-COONa +» n-lauroilsarcosine 
(additive for toothpaste) 
from CH;NH, and 


(fungicide) 
from (CHL)NH and 
dimethylformamide 
vent) 
ETHYLAMINES 


Monoethylamine is used as a selective 
solvent and as an intermediate for the 
preparation of special additives for the 
textile industry. 

Diethylamine is used in the prepara- 
tion of a series of insecticide products, 
pharmaceuticals, accelerators for the proc- 
essing of rubber, and corrosion inhibitors, 

Triethylamine is used as a corrosion in- 
hibitor, particularly in industrial plants 
where the circulating chemicals include 
chlorinated solvents, 


BUTYLAMINES 


Butylamines are produced industrially by 
means of a special method in which am- 
monia, n-butyl alcohol, and hydrogen are 
passed over a nickel-base catalyst at a 
temperature of 190°C (374° F). This 
produces a mixture of the three amines. 
The fatty acid salts of these three amines 
have pronounced emulsifying properties 
They are, therefore, used as flotation 
agents and as special purpose soaps. 
Amines have antioxidizing properties; 
they are thus used as additives to gaso- 
line and diesel fuels to prevent polym- 
erization of unsaturated fuel components 
by the oxygen of air. 


THE CYCLIC AMINES | iesea smien 


as aniline and mono- and dimethyl ani- used for these nitratic:: 


line, are colorless and oily liquids with a The simpler (prima: "omatic amines 
slightly aromatic odor. The higher amines, are colorless liquids © -ystalline solid 
on the other hand, are solids. that are sparingly so! in water but 
H readily soluble in th nmon organic 

Z N-NE ZNK solvents, When heateo — :h alkyl or aryl 
pA Ne ^cH, iodides, the primary a itic amines are 


aniline methyl aniline converted into seco: and tertiary 
CH amines. When heated ı concentrated 
P AER ii sulfuric acid, they b 1e sulfonated, 
<a gone iz They form condensa! products with 
$ aldehydes, and they f anilides when 
As mentioned previously, aromatic heated with organic ac When warmed 
amines are less basic than aliphatic with a solution of nitr acid, they are 
amines. Moreover, there is a gradual re- converted into pheno! "hey give the | 
duction in basic character as the number — isonitrile reaction wh warmed with | 
of aromatic radicals bonded to the nitro- chloroform and a caus: alkali, | 
gen atom increases (diphenylamine forms Reduction of the nitro roup generally 
salts only with strong acids ). takes place with a grad) substitution of 
ANILINE—Aniline is found in small quantities E E hydrogen for the oxyge Thus, depend- 
in coal tar. It is an oily and colorless liquid OS NA ing upon the reducing t and reaction 
When pure, although it quickly turns brown | conditions, either the ired amine or 
when exposed to air and light. It has a charac- H Y Ma? E " b 
leristic odor and is poisonous. When cooled henviomi an intermediate comp can be pro- 
Ro COM —10* C (14°F), it freezes into a diphenylamine duced. 
White crystalline mass. It boils at 184*C = ti e i 
(363.2 F). Aniline is the raw material for the (2232 E en ea l 
preparation of many dyes. It is often used N | \ FG agents are: 
also as a reagent in the laboratory. A 1. Hydrogen activat vith suitable 
—— e eem d EN] catalysts, metallic nici; ^ =r cobalt, for 
The general properties of amines and J example, 
alkyl amines were discussed in a previous triphenylamine 2. Nascent hydrogen vbtained from 
article. This article treats aromatic, ali- metals (zinc, iron) and ids or caustic 
cyclic, and heterocyclic amines. PREPARATION soda according to the rv. tions 
AROMATIC AMINES a. The most common method for the prep- Zn + 2HCl > ZnGiy + Ho. 
aration of aromatic amines is reduction of Zn + 2NaOH > Na:ziOs-t Hs. 
The simpler members of this group, such the corresponding nitro derivatives: 3. Alcohols, which carry out the reduc- l 
—— ——— —— tion in alkaline solution and are oxidized 
METHYLANILINE—This is a mixed secondary mo Xo, py oie to aldehydes. 3 ee 
amine whose chemical formula is C,HsNHCH. À 4. Compounds of bivalent tin, whic 
Methylaniline Is a liquid at ordinary tempera- para-nitrotoluene 


i ivatives of tetra- 
tures, It solidifies at —57* C (—70.6? F) and x ir gia i pm the redhat 

bolls at 196° C (384.8° F), and is only slightly — HO-4 Xmm, 4-2H,O0 Væent tin as a result of the reduct | 
soluble in water. Methylaniline is prepared in- 5. Ammonium sulfide and alkaline sul- 


dustrially by heating aniline (C.H.NH;) with R^. 
methyl alcohol (CH; OH) and hydrochloric acid USUS fides. 


(HCI) to 180° C (356° F) in an autoclave, , ; ; nite diagrams of p d 

This method is suitable for both labora- ous reactions show, the reaction environ- 

tory and industrial scale production. The ment (acid or alkaline) has a decisive 

nitro derivatives used as starting ma- effect on the reduction process ind on 

terials are obtained by nitration of aro- the nature of the intermediate com- 
. matic hydrocarbons; mixtures of nitric pounds: 

acid and concentrated sulfuric acid are 


Acid environment: 


nitrosobenzene 


phenylhydroxylamine 


Fe or Zn + acid 


NO: N=—=N NH——NH NH: 
| methyl alcohol — | — | | E PC TN | 
/\\___+NaOH ZN PN distillation AN AN ammonium AX 7 iron t+ AN 
|) ————> | ] | | ——— [ J ||| el Ee a) 
VA V V mim Aste Nf NJ NOE NJ 
robenzene azoxybenzene azobenzene hydrazobenzene aniline 


As thes tions indicate, reduction 
with iro: ^e in an acid environment 
is prefer produce the amine di- 
rectly. C ic hydrogenation is widely 
used in i ial processes. This will be 
discussed reater detail when aniline 
is discuss 
Alkalir fides are particularly suit- 
able for t- urtial reduction of polynitro 
derivativ: 
d NO: + 3NaS + 4H,O > 
ON” sodium 
$ sulfide 
dinitr 
Á“ —NH» + 6NaOH + 3S 
Ox 
nitr 
b. Dire: alkylation of aniline with 
alkyl hali: s suitable for the prepara- 
tion of m and dialkylanilines: 
NH; H—N—CH; 
| | 
LN CHI HES 
MINE d] 
Vv 
H—N—CH; ET 
| 
PX CHI AN 
MEE —— | || 
Vv x 


Analogously to what happens in the 
case of the aliphatic amines, quaternary 
ammonium salts are also produced. 

Alkylation with alcohols is used in in- 
dustrial processes, Dimethylaniline is pre- 
pared by heating aniline with methyl al- 
Cohol in an autoclave in the presence of 
small quantities of sulfuric acid, 

€. Another method of preparation—one 
that presents some practical difficulties— 
Consists in substituting an aromatic group 
for a hydrogen atom of the ammonia. 
This method calls for temperatures in ex- 
cess of 200°C (392°F) and very high 
Pressures with a catalyst of metallic cop- 


t 
N==N 


[9] 


sodium stannite (Na:$n0.) ————-! 


———————————————— zinc + NaOH EM AME 


per or copper(I) chloride: 


4 S—cl + 2NH, — 


chlorobenzene 


— / N-NH, + NHC 


d. The Bucherer reaction is suitable ex- 
clusively for the preparation of aromatic 
amines—particularly naphthylamine. This 
reaction consists of heating phenols with 
ammonia and ammonium sulfite in an 
aqueous solution: 


OH 
dina NH; + (NH,),50; 
VA 
B-naphthol NH, 
xy 
VY 
B-napthylamine 


CHARACTERISTIC REACTIONS 


Some reactions are common to both ali- 
phatic and aromatic amines. These in- 
clude alkylation with acid chlorides and 
the formation of isonitriles, which have 
already been described. The following 
reactions require special treatment. 

Reactions with nitrous acid.—Primary 
amines are converted into diazonium 
salts by reaction with nitrous acid and 
hydrochloric acid at temperatures below 
10°C (50°F): 


na 
AN 
| || + HO—N=O + HCl — 
N 
YV Ard 
| 
AN 
— || | Cl- + 2H:0. 
NN 
diazonium 
chloride 


| 


As indicated in the formula, diazonium 
salts are extensively dissociated in aque- 
ous solutions. 

Secondary amines, on the other hand, 
are converted into nitrosamines in a man- 
ner analogous to the corresponding ali- 
phatic amines. 

Tertiary amines undergo substitutions 
in the aromatic nucleus: 


H,C—N—CH; H,C—N—CH; 
| 
Jw +HONO Á 
E dL ———— I 
Vo “Hho V 
| 
NO 


Diazonium salts merit special comment 
because of their reactivity and their use- 
fulness in the synthesis of various aro- 
matic derivatives. The following reactions 
are examples: 

If copper(I) chloride or bromide is 
added to the solution of the salt, an aro- 
matic chloride or bromide (Sandmayer's 
reaction) is produced: 


N=N 7+ x 


| + N: 


nitrogen 


Xo 


The same synthesis can be obtained by 
means of Gattermann's reaction, In this 
case copper in powder form and a halogen 
acid are used. Slightly different methods 
produce all the other aryl halides from 
diazonium salts, 

Diazonium salts react with water to 
yield phenols: 


N=N 7t 


| 
FN HO ÁN 
{ | |xX-——+[ I+N:+HX 
VY X 


Theimportance of aromatic amines from 
the preparation point of view is often as- 
sociated with the formation of diazonium 
salts as intermediate compounds. Even 
the azo dyes are produced from aromatic 
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freezes 
at 3* C (37.4* F) and bolls at 194° C (381.2* F). 
It is prepared by heating a mixture of aniline, 
methyl alcohol, and concentrated sulfuric acid 
to 730 to 735° C (1,346 to 1,355? F) at a pres- 
sure of 25 to 30 atmospheres, The reaction 
gives a 90 percent yield. 


DIMETHYLANILINE — This compound 


amines via diazonium salts, These are gen- 
erally made to react with aromatic com- 
pounds amenable to substitution in the 
ortho- or para- positions of the nucleus, 
Such compounds are phenols, naphthols, 
amines, and naphthylamines: 


[C] i aoe 


diazonium meti 
chloride | rg 


amine oxides by special oxidizing agents: 
oxidizing agent 
N 


RN > O. 


Substitution reactions.—The amine 
group facilitates substitution reactions in 
the aromatic nucleus by directing the 
substituents into the ortho- and para- 
positions. The reaction of aniline with 
chlorine leads to the formation of the 
symmetrical trichloroderivative: 


NH: NH; 
cl cl 
Ch 
=y 
Cl 


It is interesting to note that in an acid 
solution the substitution will occur in the 
meta- position with respect to the amine 
group. 

In many substitution reactions in the 
aromatic nucleus it is desirable to protect 
the amine group. This is to prevent attack 
by the reagents being employed. The fol- 
lowing conversion into the acetyl deriva- 
tive accomplishes this purpose very well: 


aniline acetic 
anhydride 
a 
ES 4. S-Nui—c cH, +CH,COOH. 
acetanilide acetic acid 


The amine group can then be regener- 


eN 
Saz N 
C rss + Hc} ated from the acetyl derivative by hydrol- 


chrysoidine y (reddish brown color) 


(The dye, which is basic, is in this case 
converted into a salt with HCl. As shown, 


a hydrogen bond is present inside the 
molecule), 


paints, inks, cosmetics, plastic materials. 
and foodstuffs, 

Oxidation reactions.—Primary and sec- 
ondary aromatic amines are more sensi- 
tive to oxidation than aliphatic amines. 
The color they take on when exposed to 
air is explained by the formation of oxi- 
dation products. 

Tertiary amines are converted into 


ysis in the presence of mineral acids. 
ANILINE 


Oan 


Aniline, isolated for the first time in 1826, 
is a colorless liquid (boiling point: 184° C 
or 363,2° F) that turns brown when it is 
exposed to air. It is produced industrially 
by the following methods. 

Catalytic reduction of nitrobenzene. A 
mixture of hydrogen and nitrobenzene 
in the vapor state is heated to 350° C 
(662° F) and passed over catalysts that 
vary from process to process and may 
consist of copper salts, nickel or molyb- 
denum sulfides, and metallic oxides, 

Reduction of nitrobenzene with iron 
and hydrochloric acid in an aqueous solu- 
tion (Béchamp process). This method 
was used for a long time, but has now 
been completely replaced by catalytic re- 
duction for large-scale production be- 


cause catalytic reducti: 

advantages and produce 
Aniline can also be p: 

action between chloro 


has economic 
jurer product, 
ced by the re- 
ene and am. 


monia in water at a hig! ‘perature and 
under pressure, with « r(1) chloride 
acting as catalyst. 

Aniline is used for t reparation of 
dyes, additives for th: ber industry 
(accelerators and anti: sing agents), 
and pharmaceutical pr ts. 
TOLUIDINE 
The three toluidines, < , meta-, and 
para-, are prepared by « tic reduction 
of the corresponding n ;uenes, 

Toluidines are used fo \roducing syn- 
thetic dyes and for the reparation of 
other organic substance 

CH; Hy 
NO; | NH; 
CY 
d ortho- 
toluidine 
CH; ‘Hs 
| 
E 
/ 
NO. NH: 
meta- 
toluidine 
Tu Ha 
4 -- ) 
\ VA 
| | 
NO, NH, 


toluidine 


DIPHENYLAMINE—Diphenylamine solidifies at 
54° C (129,2° F) and boils at 301° C (573.8* F). 
It is a colorless compound when pure, 

tends to turn brown when exposed to alr and 
light. It is poisonous and has à characteriet 
odor. Diphenylamine does not dissolve 

water, but is soluble in the usual organic 60h 
vents (ethyl alcohol, methyl alcohol, ether: 
benzene, and carbon disulfide). 


PHENYLEN DIAMINE 
Ortho-ph« ediamine is prepared by 
reduction tho-nitroaniline; 
N 
NH, 
» + NaOH 
"gw. L X 
YY NE 
These wes have a tendency to 
form cy vounds; the following is 
an exam 
7 HO 
N E 
nitrous 
acid 


NH 
X 
3:3 N + 2H,0, 
f 
N 


azimidobenzene 


Meta-phenylenediamine, which is pro- 
duced by reduction of the corresponding 
dinitrobenzene, can be used to derive an 
azo dye known as Bismarck brown. 

Para-phenylenediamine is formed from 
para-nitroaniline by means of reduction 
and forms the basis of numerous other 
dyes. 


NH, NH, 


NH, 
NH, 
meta-phenylenediamine para-phenylenediamine 


ADRENALINE 


Adrenaline is a hormone secreted by the 
medulla of the adrenal gland. It regulates 
cell metabolism in the organism, increases 
blood pressure, and speeds heart action. 

Adrenaline can be classified among the 
secondary amines; it is produced by the 


FROM NITROBENZENE TO ANILINE—Aniline 
produced by catalytic reduction of nitro- 
MIS C,H.NO, (Illustration 5a). When the 
a uction is carried out in an alkaline me- 
eed a serios of substances correspond 
be tho various stages of the reduction can 
e Prepared. Treating nitrobenzene with so- 
(CH op oxide (NaOH) and methyl alcohol 
ex x ) produces a yellow solid called az- 
e nzene: H,C, —N(O) ZN- C.H. (lllustra- 

^ Sb). Distilling this compound on iron yields 


azobenzene, a solid with a reddish brown 
color: H,C, - NN — C.H, (Illustration 5c). F 
nally, treating the azobenzene with ammonium 
sulfide produces hydrazobenzene, a white solid 
(Illustration 5d). Reduction of hydrazobenzene 
then yields two molecules of aniline (shown 
in Illustration 1). 

Azobenzene can also be produced by re- 
acting nitrobenzene with sodium stannite. Sim- 
Marly, hydrazobenzene can be obtained di- 
rectly by reacting nitrobenzene with zinc and 


sodium hydroxide. 

The medium in which the reduction of the 
nitro group takes place has a decisive effect 
both on the development of the reaction and 
on the nature of the intermediate compounds 
M the reduction is carried out in an acid me- 
dium rather than an alkaline medium, the in- 
termediate compounds will be different from 
those shown in lilustrations Sb, Sc, and 5d 
In this case the intermediates would be nitro- 


sobenzene and phenylhydroxylamine. 
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following synthesis: 


HO. 
CI-CO-CH;CI 
H d ae 
= HCl 
pyrocatechol 


HO 
NH;CH; 
=H COCH;CI nae 


BO 


Hs 
> Ho—_ coc, —NHCH, — 
adrenalone 


H 
>H CH—CH;—NHCH; 
| 


OH 
adrenaline 
The adrenaline molecule contains an 

asymmetric carbon atom (shown by the 
asterisk). Since only one of the optical 
isomers is physiologically active, the ra- 
cemic mixture produced by this reaction 
must be separated if the adrenaline is to 
be used for pharmaceutical purposes. 


ALICYCLIC AMINES 


This group of amines, which contains one 
or more nonaromatic hydrocarbon rings 
bonded to the nitrogen atom, exhibits 
properties and reactions similar to those 
of aliphatic amines. 

One method of preparation is reduction 
of the corresponding aromatic amine with 
catalytically activated hydrogen: 


So + 3H, — 


cyclohexylamine 


Cyclohexylamine can also be produced 
by reductive amination of cyclohexanone 
(an alicyclic ketone) in the presence of 
nickel. 

The reaction of primary amines with 
nitrous acid merits special comment be- 
cause the formation of the alcohol in this 
case is accompanied by enlargement of 
the hydrocarbon ring: 


ECHN 
CH J CH—CH.—NH; + 
"cnc, 


CH,—CH: 
ime 
HO-N-0 CH: 


————À | 
CH; 


NCH CH; 


CH-OH. 


Cyclopropylamine is an exception to 
this rule and reacts by opening the ring: 


CH; HO-N=O 
| S on=nn, oo 
CH; 

CH—CH;OH 


| 

CH; 
Cyclohexylamine is a liquid that boils at 
134° C (273.2? F). It is used for the prep- 


aration of insecticides, plasticizers, and 
corrosion inhibitors. 


HETEROCYCLIC AMINES 


As mentioned previously, compounds 
containing a nitrogen atom inserted in a 
saturated or unsaturated ring often have 
properties characteristic of amines. These 
compounds are, therefore, referred to as 
heterocyclic amines. Both the methods of 
preparation and the properties of these 
compounds differ widely. It will, there- 
fore, be best to give separate considera- 
tion to some of the most important mem- 
bers of this group. 


PIPERIDINE 


CH,—CH. 
cH "AANA 
CH,—CH,/ 


Piperidine is a liquid that is miscible with 
water. It is characterized by the same 
properties as aliphatic amines. In particu- 
lar, it has a basicity close to that of di- 
ethylamine. 

The most important method of prep- 
aration consists of reduction of pyridine: 


CH, 

Ss 

CH, CH, 
| I— | | 
N/ HB CH CH, 
N N 

NH 


dium and alcohol vith catalytically 
activated hydrogen. 


UROTROPIN 


Urotropin (hexam: 
merits special menti: 
portance in the phar 
used as a disinfec: 
canals. 

As the structural / 


‘ene tetramine) 
scause of its im. 
utical field, It is 
of the urinary 


ula given below 


indicates, it is proba! cyclic tetramine: 
CH 
i b. 
N. 
Non: ta 
N- 
CH: I CH, 
| 
| 
N 
Urotropin is produc ı an industrial 


scale from low-cost materials—for- 


maldehyde and amr. 


6 HCHO +4 NHs > © O + CHuN. 
urotropin 
PYRIDINE 
SC 
Pyridine is a liquid wi a penetrating 
and very unpleasant odor. It is miscible 


with water and is also : solvent for or 
ganic compounds and inorganic salts. 

Chemically, pyridine behaves as a weak 
tertiary base. It forms salts with acids and 
tetra-alkylammonium compounds with al- 
kyl halides, 

The pyridine molecule has an electron 
arrangement analogous to benzene. Pyri- 
dine and its methyl derivatives—the 
methyl-pyridines—are used primarily a$ 
solvents. They are also used to denature 
alcohol, 


C. 
ZN 
CH CH 


l 
H,C—C 


I 
C—CHs 
"w^ 


trimethylpyridine 


mae KETONES | 


The term ketone is derived from the 
name of the simplest but most important 
member of this s« , acetone. In several 
reactions, k are similar to alde- 
hydes, althou marked in variety. 
The range oí pplication of ketones is 
wide; they are used in medicine, insecti- 
cides, celluloic:. and lacquers. Regulated 
reduction of ketones produces secondary 
alcohols; vigorous reduction produces the 
corresponding hydrocarbons. 

If R and R, represent two hydrocarbon 
radicals and - -O is the carbonyl func- 
tion, then ketones are represented as fol- 
lows: R 


R 


Ry 
as a mixed ketone. 

R and R, can represent aliphatic, ali- 
cyclic, aromatic, or heterocyclic groups. 
If one of the R groups is replaced by hy- 
drogen, an aldehyde is formed, These 
two classes of organic compounds have 
analogous properties that can be noted 
in the methods of their preparation and 
their characteristic reactions. However, 
the difference in substitution affects the 
nature of the carbonyl and causes differ- 
ences in reactivity. 

The different ketones are named by 
Specifying the two radicals bound to the 
>C=0, For example, 


CH; 


KO NA 
ESSA 
às methyl phenyl ketone; or ( by referring 
to the corresponding hydrocarbon and 
using the suffix -one), 
CH,—CH;-CH;-CH,;-CH;, 
as pentane and 
CH4,—-CO-CH;-CH;-CH;, 
= 2-pentanone (methyl propyl ketone). 
pe corresponding to the lower mem- 
ers of the aliphatic hydrocarbon series 
are liquids that are miscible with water 
and characteristically have a pleasant 
smell. The higher members (those with 


More than 11 carbon atoms) are solids. 
The liquid ketones are solvents for a 


large variety of organic compounds and 
are used in the preparation of paints— 
particularly nitrocellulose paints and 
those with a base consisting of ethers and 
esters of cellulose, 


PREPARATION 


The principal materials from which ke- 
tones are made are similar to those used 
in the preparation of aldehydes, alcohols, 
carboxylic acids, and unsaturated hydro- 
carbons. 

Aldehydes are prepared from primary 
alcohols; ketones are prepared from sec- 
ondary alcohols, as shown below. 


[0] 
+1/20: ^ 
R—CH;OH ———+ R—C 
-H:0 S 
ARN H 
alcoho! aldehyde 
R H R 
SF 41/20, NS. 
c aos C=0 
AN -H:O ^ 
Ri OH Rı 
second, ketone 
secondary etone 


The oxidation reaction used is of con- 
siderable industrial importance. The re- 
action takes place at high temperatures, 
with copper- or silver-based catalysts. 
Air is the oxidizing agent. 

A related method is dehydrogenation 
in the absence of oxygen. This reaction 
is generally carried out at 400 to 600° C 
(752 to 1,112° F) with metallic oxides 
as catalysts: 


OH CH; 
AZ \ 


O+ Hi 


CH; H CH; 


The laboratory preparation uses the 
oxidation of secondary alcohols. The re- 
action takes place in the liquid phase, 
with sodium bichromate (NagCrsO;) and 
sulfuric acid (H;SO,) used as oxidizing 
agents. This has a parallel in the prep- 
aration of aldehydes. 

Ketones can be prepared from car- 
boxylic acids, although this method is of 
limited industrial importance at the pres- 
ent, The reactions take place in the vapor 
phase, at 400 to 500°C (752 to 932° F). 
Oxides of manganese, thorium, or cerium 
are the catalysts that provide a surface 
for the reaction to take place, as shown 
by the following structure: 


their industrial importance 
and theoretical interest 


4 
CH;—C acetic acid 
ES 
À P 
CH,—C acetic acid 
E 
[9] 
CH; 
— C=O + CO; + H:O 
CH; 


acetone 


CH,—CH;—C 


propionic acid 
ES 


[9] 
CH; 


methyl ethyl 
ketone 


od Cc=0 


CH;—CH; 


This preparation can thus be used for 
both simple and mixed ketones; simple 


E — 


- 
Q 

.| 

© 


CYCLOPENTADECANONE—A saturated cyclic 
ketone with the chemical formula (CH.),.CO, 
cyclopentadecanone has a waxy appearance 
and a musky odor. Its commercial name is 
Hexaltone. This ketone, mixed with other com- 
pounds, is used In the perfume industry. 
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PREPARATION OF KETONES FROM HYDRO- 
CARBONS—The hydrocarbons of the acety- 


lene series—except for acetylene itselt—can 
be used to synthesize ketones by hydration 
in the presence of sulfuric acid and a salt of 


mercury. This reaction, which is analogous to 
the hydration of acetylene to acetaldehyde, 
first forms an unstable hydroxylated inter- 
mediate that is immediately converted Into a 
ketone: 


o 
| a 
CH—C=CH+H;0 -> [.-3. ls. 


methyl acetylene 


Some reactions lead to the formation of the 
two ketone isomers, due to the fact that 
water can be added to the double bond in two 


acetone. 


different ways. An example is the hydration 
of 2-hexyne to yield methyl-n-butyl ketone and 
ethyl-n-propy! ketone. 


aero ] > Rad ars a 
OH o 


methyl-n-butyl ketone 


| d 268 erst iz Ea NET 


ketones are made from a single acid; 
mixed ketones from a mixture of two dif- 
ferent acids, 

Analogous reactions can be obtained 
by heating calcium, barium, or zinc salts 
of the carboxylic acids. 


Cyclic ketones are prepared by extend- 
ing this method to the dicarboxylic acids, 
An example is cyclopentadecanone: 

CH, 
» 
CH; 
€ 
INA 
CH; 
adipic acid 
Hy 
CO, Tess 
— C=O 
“HO " 5 
Li 
cyclopentanone 


Nid 


ethyl-n-propyl ketone 


The yield of these reactions depends on 
the ring size. Cyclopentanone and cyclo- 
hexanone—which contain, respectively, 
five and six carbon atoms—are formed 
more easily than ketones with seven or 
eight carbon atoms. Yields are minimal 
for rings with 9 to 13 carbon atoms, but 
tend to become greater with larger rings. 

Ketones can also be prepared by re- 
acting chlorides of the carboxylic acids 
or nitriles (corresponding to the carbox- 
ylic acids) with Grignard reagents, 
named for the French chemist Victor 
Grignard; see structure below, 

The first part of the reaction con- 
sists of the addition of the organometallic 
reagent to the >C=O and —C*N in an- 
hydrous solvents. This type of reaction is 
used solely in laboratory synthesis, 
Moines MM industrial 

ce for the joint preparation of 
hydroxylated compounds and ketones is 
the decomposition of organic hydroperox- 
ides, These latter chemicals are consid- 


ered as derivatives of hy togen peroxide: 
4 R—O 
| 
H—O H—O 
hydrogen peroxide wydroperoxide 
Some hydroperoxides obtained by 
direct oxidation of hy arbons (such 
as cumene). 

As in the case of a) ydes, many of 
the reactions that affo he carboxylic 
group in ketones occ y an addition 
mechanism represent its most gen- 
eral form below: 

R R’ R R’ 
N 
A xo C—Xx 
ll E : | 
o0 HS O—H, 
where H—X represents lar compound 


(for example, H—CN ; 


In general, differenc: reactivity ex- 


ist between aldehydes ketones, due 
to the different steric i liments of the 
substituents. The great- he size of the 
groups bound to the O, the more 
they interfere with the ent molecule 
by blocking its access t< double bond. 
In aldehydes, at least ubstituent is 
hydrogen. Because hy: n affords the 
least possible steric h ince, the re- 
activity of aldehydes is ally greater 
than that of ketones. Fc lehyde—with 
two hydrogen atoms b. — | to the car- 
bonyl radical—is the mo reactive com- 
pound among the carbonyl! derivatives. 
The compounds below arc : own in order 
of decreasing reactivity 

H H 

b > c=0 > 
"d Ed 
formaldehyde acetaldehyde 
Hy 
H,C Non 
S HO D c-0 
> c=O > 
vi i». d 
ET HC 


diisopropyl ketone 


Some of the more significant addition 
reactions « ketones are shown below; 
these react e analogous to those of 


the aldehy 


NZ 
C 
I | 
Ó 


hydrocyanine 


acid 


CH, 
O=S- at —— —ONa 
| CHY | 
OH SO,H 
sodium bi 
The ad: products obtained with 
sodium bi are characterized by a 
carbon-sul nd. They are crystalline 
solids tha ften used in reactions to 
separate } from mixtures with other 
substance 
The re: f alcohols with carbonyl 
compoun: nsiderably influenced by 
the steric mentioned above, Thus, 
although can be obtained by a 
direct rea of aldehydes with alco- 


hols, the 
succeed v 


onding reaction will not 
tones: 


HC OR 


ketal of acetone 


The ketals are prepared by reacting 
esters of orthoformic acid with acid cat- 
alysts, as shown below, 


oO OCH; 
I Z 
CHi—C—CH, + H—C—OCH, — 


acetophenone OCH, 
methyl 

orthoformate 
O—CH; o 
Nd cd 

— CHC- + H CHs 
methyl 
formate 


H,C—O 


The aldol condensation reaction is not 
as favorable with ketones as with alde- 


hydes. However, diacetone alcohol can 
be obtained from acetone in accordance 
with the reaction shown below, 


CH,—C—CH, 
S 


diacetone alcohol 


Some ketones also condense in the pres- 
ence of acid catalysts, with the elimina- 
tion of water: 


j 
[pi] c o — 
A D d 
1 
CH, 
acetone 
CH, o 
N P4 
— C=CH—C—CH, + H:O 
HCI ^ 


CH; 
mesityl oxide 


Unlike the aldehydes, ketones display 
considerable resistance to oxidizing 
agents. For this reason, they do not as 
readily reduce ammonia solutions of sil- 
ver nitrate, Only by using strong oxidiz- 
ing agents (such as chromic acid) can 
carboxylic acids be formed; 


The reduction of a ketone leads to forma- 
tion of the corresponding secondary al- 
cohol. The reagents used are the same as 
those for the reduction of aldehydes to 
primary alcohols. 

Grignard reagents react with ketones 
by adding to the —C-O double bond. 
This is also analogous to their action with 
aldehydes. In this case, decomposition of 


3 


THE HYORAZONE OF ACETOPHENONE—Tho 
condensations of the ketones with hydroxyl- 
amine, hydrazine, phenylhydrazine, and semi- 
carbazide are analogous to those of the alde- 
hydes. The resulting products are generally 
solids that can be easily crystallized, isolated 
and characterized as ketones. In Illustration 
3a the various substances used to prepare a 
hydrazone are shown. The large watoh glass 
contains a hydrochloride of hydrazine; the 


small watch glass contains sodium acetate. 
The smali and large graduated cylinders con- 
tain, respectively, water and acetophenone. 
The beaker contains these four substances 
together, illustration 3b shows the hydrazone 
obtained 


the reaction product with water forms 
tertiary alcohols, 


ACETONE 


CH, 
y 


CH, 


Acetone is a colorless liquid with a char- 
acteristic odor. It is highly volatile and is 
miscible in all proportions with water and 
the principal organic solvents. 

Traces of acetone are found in human 
blood and appreciable quantities are 
found in the urine of diabetics, where it 
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ACETONE RECOVERY—This illustration shows 
the section of a plant where acetone is re- 
covered after its use in reacting with cellulose 
to prepare cellulose acetate. 


is derived from acetoacetic acid: 
O 
^ 
CH,—C—CH,—COOH — 


(9) 
^ 
—> CH;—C—CH; + CO; 

In addition to the two principal indus- 
trial methods of preparing acetone ( heat- 
ing calcium acetate, or passing acetic 
acid vapor over a heated catalyst), it can 


DETERMINATION OF THE ACETONE CON- 
TENT OF URINE—Acetone is found in minimal 
quantities in normal human urine. More sub- 
stantial quantities are found in the urine of 
diabetics and those suffering from liver infec- 
tions. A method for determining abnormal 
levels of acetone consists of putting a few 
drops of the urine into the powder shown in 
the illustration and comparing the resulting 
color with those shown on the sample card. 
This analysis is possible because acetone in 
an alkaline environment—and in the presence 
of complex salts of heavy metals—takes on a 
coloration ranging from pink to deep purple, 
according to its concentration. 


—————————— 


also be prepared by the fermentation of 
starch and the residues of sugar extrac- 
tion (molasses) by means of microorga- 
nisms. This results in a mixture of acetone 
and other oxygenated compounds such 
as n-butyl alcohol and ethyl alcohol. 

Many organic compounds-including 
natural and synthetic resins and deriva- 
tives of cellulose—are readily soluble in 
liquid ketones. Acetone and other mem- 
bers of the aliphatic ketone series 
(methyl ethyl ketone and methyl butyl 
ketone) are, therefore, used in the prep- 
aration of paints and as selective solvents. 
In certain industrial processes, for exam- 
ple, acetylene produced in the cracking 
of hydrocarbons is separated from the 
other reaction products by absorption in 
acetone. Acetone also represents an im- 
portant starting product for organic syn- 
thesis on an industrial scale. 

Among the acetone derivatives are a 
number of important industrial solvents 
with comparatively high boiling points. 
These include methyl isobutyl ketone, 
isophorone, and diacetone alcohol. Iso- 
phorone is insoluble in water and is one 
of the best solvents of nitrocellulose. The 
synthesis of methyl methacrylate (the 
methyl ester of methacrylic acid) from 
acetone has recently become of consider- 
able industrial importance. 


ACETOPHENONE 


Acetophenone or phenyl methyl ketone— 
the most important and simplest repre- 
sentative of the mixed aliphatic-aromatic 
ketones—is a colorless liquid that is in- 
soluble in water and that boils at 220° C 
(428° F). It is volatile in steam and has 
the composition C,H;COCH;. Because 
of its anesthetic and soporific properties 
it has been used, under the name hyp- 
none, to induce sleep. Acetophenone oc- 
curs to a small extent in coal tar, 
Acetophenone is prepared industrially 
by direct oxidation (with air) of the cor- 
tesponding hydrocarbon, This reaction is 
made possible by the effect that the 
aromatic ring has on the carbon atom 


being substituted: 


CH;—CH; 
| 
LIN, 130° C 
| |) Sa 
y n ese acetate 
ethyl benzene talyst 
[9] OH 
4 a 
C—CH; ‘H—CH, 
| 
an : 
—PJáÓ ll ! I 
W/ g 
acetophenone a lethyl alcohol 


The alcohol formed i: reaction can 


also be converted to aco - »henone by de- 
hydrogenation carrie: t at 200°C 
(392° F). 

The Friedel-Crafts r ion is also ap- 
plicable to acetophe: for example, 
acetyl chloride with b: yields aceto- 
phenone. This reactio »mmonly con- 
sidered as the proces niting two or 
more organic molecu! »ugh the for- 
mation of carbon-to-c: bonds under 
the influence of str: acidic metal 
halide catalysts, such minum chlo- 
ride, boron fluoride, ar orth. 


obtained by 


Acetophenone is 
omposition of 


means analogous to th: 


cumene hydroperoxide he industrial 

production of acetone a» phenol. 
Acetophenone is usc a solvent, as 

an ingredient of perfu: as an aroma, 


and as an intermediate compound in or 


ganic synthesis. 


ANTHRAQUINONE—This cyclic ketone is Pre 
pared from phthalic anhydride and bir. 
in the presence of a Lewis acid. Ortho: 


hich—In 


i ; i wi 
Zoylbenzoic acid is first obtained, ds 9,10- 


the presence of HSO, and heat—yiel 
anthraquinone. 


Oxyacid molecules are characterized by 
having bo! e hydroxyl group (—OH) 
and the ca! group (—COOH). These 
compoun: » extremely reactive be- 
cause the the reactions character- 
istic of bi their component groups. 
This artic iders the intramolecular 
reactions n acid and alcohol groups 
typically o ng in oxyacid compounds, 
and how eactions serve to distin- 
guish the categories of oxyacids. 
Some of hatice oxyacids are now 


DOH  R—CH—CH,—COOH R—CH—CH;—CH,—COOH 
| | 

P OH & OH 

CH,—CH,—COOH R—CH—CH;—CH,—CH,—CH,—COOH 


recognized as being of considerable bio- 
logical importance; as a result, much re- 
search in this particular field has been 
stimulated. 


ALIPHATIC OXYACIDS 


The character of intramolecular reactions 
is a function of the distance between the 
hydroxyl and carboxyl groups. The acids 
are thus classified by distance, as shown 
below. 


OH 


When hea e y- and 6-acids undergo acids (called lactones) are cyclic com- 
esterificati: "is reaction involves the pounds having five or six carbon atoms, 
eliminatio: ater from the carboxyl depending on whether they are derived 
and alcoh tions. Esters of the oxy- from y- or 8-oxyacids. 
CH;—CH; 
/ SS 
Pe Enn ME 
/ TH p 
[9] 
-oxybutric acid y-butyrolactone 
O O 
CH,— Cf. CH,— C7 
CH: 4—— —— CH: O + HO 
EN 
SN 
CH;—CH CH;—CH 
| | 
CH; CH; 
6-oxycaproic acid 6-caprolactone 
1 


SNORLICA ARCHANGELICA—The oil found in 
s. toots of Angelica archangelica contains a 
ee with a ring consisting of 16 carbon 
fe S lactone can also be obtained by 
listen dation of cyclopentadacanone. The il- 

ation shows the plant as it is in autumn 
when it has gone to seed. 


hydroxyl and carboxyl 
in the same molecule 


GLYCOLIC ACID—Glycolic acid is not an 
optically active compound. It is found in small 
quantities in the juice of sugar cane and sugar 
beet, in sour grapes, and in some leaves. 


The most stable lactones are those with 
five-membered rings. These are formed 
quite easily, often by simply evaporating 
the aqueous solution of y-oxycarboxylic 
acids. Syntheses suitable for the prepara- 
tion of these acids often lead to the di- 
rect formation of the y-lactones. Lactones 
with six-membered rings (8-lactones) are 
not as stable and their rings open easily; 
even their formation reaction is an equi- 
librium reaction. The simpler y- and 6- 
lactones are liquids soluble in water, alco- 
hol, and ether. They can be distilled 
without decomposing, If boiled with wa- 
ter, the lactone rings open, yielding the 
corresponding oxyacids. Hydrolysis estab- 
lishes lactone = oxyacid equilibrium. It 
is difficult, however, to form cyclic lac- 


CREAM OF TARTAR—Cream of tartar, the 
acid potassium salt of dextrorotatory tartaric 
acid, is found in grape juice. The illustration 
shows the crusts deposited on the walls of a 
barrel during the fermentation of wine. These 
crusts are the principal source for the produc- 
tion of tartaric acid. 
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tones from e-oxyacids. This is in agree- 
ment with the tendency to form cyclic 
compounds of five or six atoms in other 
classes of compounds. 

The carboxyl-hydroxyl interaction in 


CH; 


COOH 


the case of other oxyacids yields products 
of a different character. The f-oxycar- 
boxylic acids undergo dehydration into 
unsaturated acids, as shown in the follow- 
ing structure. 


> CH,—CH—CH—COOH 


CH—CHz 


| 
OH 


B-oxybutyric acid 


The esterification reaction with a-oxy- 
acids, on the other hand, involves two 


a-oxypropionic acid (lactic acid) 


These reactions yield lactides, a name 
derived from the compound shown 
above. In a lactide, organic radicals may 
replace the two hydrogen atoms; or, hy- 
drogen atoms may replace the two radi- 
cals, In the case of the latter reaction, the 
simplest lactide, glycollide, is produced. 


CH;—CH—COOH 


molecules of the oxyacid, as represented 
below: 


O+2H:0 


PREPARATION OF OXYACIDS 


The two most general methods used to 
prepare oxyacids are: 

1. The substitution of a hydroxyl group 
for the halogen in halogenated carboxylic 
acids by heating with water and alkalis. 


+H.O 


CH;—CH—COOH 


| — HBr 


Br 


2. The addition of water to unsaturated 
carboxylic acids by heating 


with acids 


CH;—CH=CH—COOH 


4 
META-HYDROXYBENZOIC ACID AND PARA- 
HYDROXYBENZOIC ACID—These two isomers 
(Illustrations 4a and 4b respectively) are less 
important than the ortho form. The Para-isomer 


a 


+ H:O | 


OH 


or alkalis. This method is shown in the 
following structure: 


CH;—CH— CH,—COOH 


OH 


is formed in the course of the synthesis of sali- 
cylic acid. 


b 


SALICYLIC ACID—{ 
aromatic oxyacid, a 
is found in some p 
leaves and flowers 
exists in the form of : 


he most important 
used in aspirin. It 
particularly in the 
'ultheria, where it 
| esters. 


repared directly 
from carboxylic ac y reaction with 
alcohols with the | water, Sulfuric 
acid or hydrochlo id is ordinarily 
used as a catalyst £ : reaction. Since 
this is a reversible r n, esters may be 
split by water to ) wboxylic acids. 
When alkaline hy is is used, the 
process is referred t ponification be- 
cause the preparati jap utilizes this 
process. 

A number of s 
acids are known. T} 
dinarily made by d 
the carboxylic acid 
small amount of pho 

Other methods su 
classes of oxyacids : 
under laboratory conditions: the @-0xy- 
acids can be obtained from aldehydes and 
ketones, via the hydrocyanines; the % 
and 8-lactones can be obtained from the 
anhydrides of the corresponding dicar 


Esters can also 


ted carboxylic 
lo acids are or- 

salogenation of 
presence of à 

us trihalide. 

» for particular 

requently used 


6 


A LEMON TREE—Lemons that have not Eu 
pletely ripened contain large quantities of vu 
ric acid. Like all other citrus fruits—and frul 
in general—lemons also contain vitamin 
(ascorbic acid). 


boxylic acids by reduction with sodium and alcohol (see below). 


succinic anhydride 


glutaric anhydride 


Lactone: arger ring size are rela- 
tively mor ble. An interesting prep- 
aration of "ocyclie lactones results 


| oxidation | 


:decanone 


Some lacto: of this type are found in 
nature; the e the smell of moss. 
GLYCOLI* JID (CH;OH-COOH ) 
Glycolic ac -the simplest of the ali- 
phatic oxy». /—is obtained in the lab- 
oratory by b- ong an aqueous solution of 
potassium cì: oroacetate: 
Cl~H.—COOK + H;O 
> HO - CH;-COOH + KCl. 
Glycolic acid is a white crystalline solid 


that melts at 79 to 80°C (about 174 to 
176°F), Its industrial applications in- 
clude textile printing, leather tanning, 
and Magnetic plastics. The most recently 
Introduced industrial preparation reacts 
formaldehyde, carbon monoxide, and 
Water at 300 atmospheres on acid cata- 
lysts: 


H-C—HO + CO + H:O 
> CH;OH-COOH. 


LACTIC ACID (CH,-CHOH-COOH) 


Lactic or @-oxypropionic acid is made by 
scission of carbohydrates by certain 
acteria. This is why it is found in such 

Products as sour milk, wine, and cheese. 
The carbon atom indicated by the 

asterisk in the formula is asymmetric. 


CH;—CH. 
| 

(CH3) n 
CH,—COOH 


y-butyrolactone 


6-valerolactone 


when the corresponding cyclic ketones 
are oxidized. The chemical structure for 
this reaction is shown below. 


Lactic acid, therefore, exists in two op- 
tically active forms. Normal methods of 
synthesis yield an equimolecular mixture 
of both enantiomers, This mixture is a 
colorless and viscous liquid at ordinary 
temperatures. The d and l forms, on the 
other hand, are crystalline solids that 
melt at 52.8? C (about 127° F) and are 
prepared by the fermentation of carbo- 
hydrates (saccharose and maltose). 
Lactic acid is synthesized industrially 
from aldehydes via hydrocyanine, and by 
the fermentation of carbohydrates. The 
fermentation process normally uses the 
Lactobacillus delbrückii, a species of bac- 
teria that becomes optically active at 50° 
C (122° F), and at a pH between 5.0 and 
5.5, preferably in the presence of suitable 
material and protein compounds and an 
excess of calcium carbonate. The calcium 
carbonate neutralizes the lactic acid 
formed in the process, thereby avoiding 


H 
"d 
No + 2HCN 


——— 


[0] 
"A 
Pr 


glyoxal 


an excessive lowering of the pH and con- 
sequent cessation of the fermentation. 

Lactic acid is used in the tanning in- 
dustry for controlling the acidity of veg- 
etable tanning liquors, for deliming hides, 
and as a plumping and drenching agent. 
It is used in the acid dyeing and printing 
of wool and as a flavoring agent and 
preservative in processed cheese, salad 
dressing, pickles, and carbonated bever- 
ages. Other uses include the preparation 
of lactates, organic solvents, pharmaceu- 
ticals, and cosmetics, the softening of 
waters used in brewing and other proc- 
esses, and fermentation control in the 
drying of egg white and in the purifica- 
tion and processing of gelatins and pectin 
from apple pomace. 

For some needs lactic acid may be 
used alternately with other acids such 
as tartaric and citric. It has also been 
used—experimentally—to produce plas- 
tics and elastomers. 


TARTARIC ACID 
e e 
(COOH-CHOH-CHOH-COOH ) 


This important dicarboxylic oxyacid con- 
tains two asymmetric carbon atoms (in- 
dicated by asterisks). Thus, four isomeric 
forms are possible. Two of these exist as 
nonsuperimposable mirror images of one 
another; the other two are intact, iden- 
tical, and optically active (meso) by vir- 
tue of their having a plane of symmetry. 

The dextrorotatory form is found in 
numerous plants and fruits. It is a white 
crystalline solid that fuses at 169 to 170° 
C (about 336 to 338° F). The levorota- 
tory acid has the same physical and chem- 
ical properties as the dextrorotatory form. 
It is far less abundant in nature, however, 
and is found primarily in the leaves and 
fruit of Bauhinia reticulata (an African 
plant). 

Racemic tartaric acid (a 1:1 mixture 
of the dextrorotatory and levrorotatory 
forms) melts at 205 to 206? C (about 401 
to 403° F), the highest melting point of 
all the forms. Pasteur used this substance 
in his studies on the separation of race- 
mic mixtures. This form of tartaric acid is 
obtained by an extension of the synthesis 
via hydrocyanine. 
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Tartaric acid is used in the food indus- 
try, the textile industry, galvanoplastics, 
and photography. Cream of tartar (potas- 
sium bitartrate) is used to prepare the 
acid and as a food ingredient. Tartar 
emetic (antimonyl potassium tartrate) 
is used as an emetic, as a mordant, and 
in the treatment of tropical infections 
such as schistosomiasis. The emetic is 
given intravenously; concentrations above 
0.5 percent are poorly tolerated. 


Ascorbic acid—better known as vitamin 
C-is needed to prevent scurvy. The lac- 
tonic form (shown above) has a chemical 
structure similar to the carbohydrate. 
Ascorbic acid is obtained industrially 
from r-sorbose, a sugar containing six 
carbon atoms. This sugar is found in 
fresh fruits and vegetables. 

The biologically active product, which 
has vast applications in medicine, is the 
optically active l-form. 


AROMATIC OXYACIDS 


The three fundamental compounds in 
this category are shown below. 


ortho-oxybenzoic 
acid (salicylic 
acid) 


meta-oxybenzoic 
acid 


eH 
© 
DA 


OH 
para-oxybenzoic 
acid 


CITRIC ACID 
CH:—COOH 


OH 
Vee 
coo 
CH.—COOH 
Citric acid, a tricarboxylic oxyacid, is a 


white solid that melts at 153°C (307.4° 
F). Abundant in nature, it is found in the 


OH KCN | „OH - HO 

| | HcN | OH Ho lL Ta ! 
pce E; e Ee 

AY T 2 NON  -NH [| \COOH -Kd è |NCOOH  -NH 

CH, CHCl CHCl CHCI CH,—CN ( 


The hydroxyl in these compounds has 
a phenolic, rather than an alcoholic, char- 
acter. This is due to the fact that it is con- 
nected to an aromatic nucleus. The phe- 
nolic hydroxyl is characterized by its 
greater acidity and it is, therefore, possi- 
ble to obtain the salification of both the 


In the reaction just described, the car- 
bonic acid—a weak acid—succeeds in re- 
moving the metal only from the phenolic 
hydroxyl. 

The acidity of the carboxyl is increased 


f 
d HICO, | 


juice of lemons and ot! 
currants. 

The acid is prepare 
extraction from the j: 


^r fruits such as 


industrially by 
of unripe lem. 


ons. This is usually do y precipitation 
in the form of calciu ts and the fer. 
mentation of the car! lrates by suit- 
able agents (citromy ). 

A synthesis of essen theoretical in- 
terest begins with ac as shown be- 
low. 


hydroxyls—phenolic : 


'arboxylic-by 


the action of an exces austic alkalis, 

The acidity of the lic hydroxyl, 
however, is less than t f the carboxyl, 
This is illustrated by : action shown 
below. 

VY 

when the hydroxy] is 1e ortho-posi- 
tion; it is diminished ; it is in the 


para-position. The rela acidities are 


shown below. 


SALICYLIC ACID 


Salicylic—or ortho-hydroxybenzoic—acid 
is the most important of the aromatic 
oxyacids because of its use in pharmaceu- 
ticals and foodstuffs and because of its 
many derivatives, It is a crystalline solid 


ONa 
| 


LN, 
2| 
\ 


The Schmitt process is an improvement 
of Kolbe's original process. It completely 
converts the phenol by using carbon di- 


+ ae d 


that melts at 158? C (316.4? F). It is pre- 
pared by reacting dry sodium phenate 
and carbon dioxide. In this process—called 
Kolbe's synthesis, after the German chem 
ist Adolph Kolbe who first developed d 
the reaction takes place at 180 to 200° C 
(356 to 392° F): 


oxide under pressure (at four to aie 
atmospheres) at a temperature of 1 
140° C (248 to 284° F). 


CA! 


Anyone has ever suffered from a 
mosquit: or a bee sting should know 
that thes cts have the ability to in- 
ject fori: d into the bodies of their 
adversa“: his acid, the simplest of 
the orga ids, also forms the basis 
for a hos /mpounds from fertilizers 
to plasti 

The hy ' ion, or proton, performs 
the acid ion in chemistry, and it 
is the ca | group that provides the 
la 


ACETIC AND PROPIONIC ACIDS—These two 
acids, represented here by their molecular 
Structures (Illustrations 1a and 1b, respec- 
tively), are among the first members of the 
Carboxylic acid series. Both are of industrial 
importance, 


oM O 
Proton in organic chemistry. The gen- 
eral formula for the carboxylic acids is 
RCOOH, where R is any organic radical. 
Thus, acetic acid is CHCOOH. 

The list of carboxylic acids is quite 
ng, and the compounds contain from 


‘BOXYLIC ACIDS | 


one to 25 or more carbon atoms. A 
system for naming these acids has 
been adopted internationally. Simply, the 
name of the corresponding hydrocarbon 
is changed by dropping the final -e and 
substituting -oic. Formic acid, for ex- 
ample, has only one carbon atom in its 
molecule and corresponds to methane; 
thus, its official name is methanoic acid. 
Acetic acid, corresponding to ethane, be- 
comes ethanoic acid, and so forth. Car- 
boxylic acids are also formed from the 
aromatic series of hydrocarbons, with the 
same rules for naming. For example, 


COOH 
| 
Â Â 
YV VY 
benzene benzoic acid 


The carboxylic acids of greatest im- 
portance to the chemical industry are 
those with relatively few carbon atoms 
per molecule: 


HCOOH 
formic acid (methanoic) 


CHCOOH 
acetic acid (ethanoic) 


CH,CH,COOH 
propionic acid (propanoic) 


CH;CH,CH,COOH 
butyric acid (butanoic) 


As the number of carbon atoms in- 
creases, the higher forms of the series 
derive their importance from the fact 
that they occur in the natural fats. Two 
examples are: 


CH;(CH3),,COOH 
palmitic acid 


CH;(CH2)is COOH 
stearic acid 


Both of these acids are prime ingredients 
in soap manufacture. 


CHEMICAL PROPERTIES 


In the functional -COOH group of the 


chemical characteristics 
and processing methods 


carboxylic acids, the oxidation state of 
carbon atoms reaches its maximum level 
in organic molecules, Ethane, CH3CHs, 
when gradually oxidized, yields the fol- 
lowing products in the process: 


CHCH; > CH;CH:OH 
ethane ethyl alcohol 


— CH;CHO > CH;COOH 
acetal- acetic acid 
dehyde 


The degree of acidity of these organic 
acids is considerably less than that of 
their inorganic counterparts. Acetic acid, 
one of the strongest acids in the series, 
dissociates to less than 0.000001 the ex- 
tent of hydrochloric acid; that is, like the 
mineral acids, organic acids dissociate 
into hydrogen ions and negative ions in 
water, but to a much lesser extent than 
mineral acids. The ionization of acetic 
acid, CH.COOH — CH;COO- + H+, 
demonstrates that a hydrogen ion is 
available for replacement by metals. Re- 
acting the acid with a base results in the 
formation of a true salt: 


CHCOOH + NaOH 
> CH;COONa + H;O. 


The —OH portion of the carboxyl group 
is capable of producing various com- 


BUTYRIC ACID—This acid is important chemi- 
cally; it is found in nature only in the milk of 
mammals. It is also responsible for the dis- 
tinctive odor of rancid butter. 
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BENZOIC ACID—Cyclic compounds are also 
used to produce carboxylic acids. These com- 
pounds, sometimes called aromatic acids, are 
made by substituting carboxyl groups for the 
hydrogen atoms of aromatic nuclei. Illustration 
3 is a representation of the benzoic acid 
molecule. 


pounds by substitution reactions. If, for 
instance, a reaction takes place with 
phosphorus halides (PCl;, PBrs, PIs, for 
example), the products are the chlorides, 
CH;COCI, bromides, CH;COB;; and io- 
dides, CH,;COI, respectively, of the 
acids. These compounds are highly re- 
active, thus enabling the replacement of 
the halogen with other groups (which 
may include another halogen). 

When combined with alcohols, in the 
presence of a strong proton donor, the 
organic acids produce a class of com- 
pounds known as esters: 


CHCOOH + CH;CH.OH 
acetic acid ethanol 


> CH;COOCH;CH, + H.0 
ethyl acetate 


These compounds are found widely in 
nature and are of great industrial impor- 
tance. Esters of the higher fatty acids in 
combination with glycerol form natural 
fats—essential components of both the 
animal and vegetable kingdoms. 


PHYSICAL PROPERTIES 


Depending on the number of carbon 
atoms in the molecule, the organic acids 
are either liquid or solid at normal tem- 
peratures, The first compounds in the 


series are easily soluble in water, a prop- 
erty not possessed by the higher mem- 
bers. In addition, the liquid acids, such 
as formic, acetic, and butyric, have pun- 
gent, irritating odors. Vinegar is a dilute 
solution of acetic acid, and butyric acid 
is responsible for the disagreeable odor 
of rancid butter. 

As the number of carbon atoms in- 
creases, the acids become less and less 
soluble until a point of insolubility is 
reached wherein 17 carbon atoms exist 
in the molecule. This phenomenon is due 
to the fact that the polar effect of the 
carboxyl group, which gives the acid its 
solubility factor, is unable to match the 
nonpolarity of the hydrocarbon chain. 

The carboxyl group is also responsible 
for the ability of the acid molecules to 
unite in pairs by hydrogen bonding (as- 
sociation): 


O..H-O 


VA D* 
CH-C C-CH. 
^ 0-11.07 


(The dotted lines represent the hydrogen 
bonds.) This property is common to 
many types of compounds—water and 
alcohols, for example—and gives rise to 
great differences in a physical constant 
such as the boiling point. This is clearly 
illustrated in comparing an ether, an al- 
cohol, and an acid, each with an iden- 
tical number of carbon atoms: 


CHOCH; 
dimethyl ether 
b.p. —23.6° C 
(—10.48? F) 
CH;CH;OH 
ethyl alcohol 
b.p. 78°C (172.4°F) 
CHCOOH 
acetic acid 


b.p. 118° C (244.4° F) 


The boiling point of the ethers is con- 
siderably lower than in the other classes 
of compounds because of the lack of 
hydrogen bonds. 


PROCESSING 


Because the carbon atom is near its max- 
imum oxidation state in the carboxylic 
acids, a practical method of production 
is to oxidize alcohols or aldehydes. The 
latter compounds, because they are at a 


relatively lower state of oxidation, read- 


ily convert to the acid 'ormaldehyde, 
for example, yields fo: acid directly 
in the presence of oxy; and acetalde- 
hyde forms acetic : in a similar 
manner: 
o 
HCHO — — COOH 
o 
CH CHO —— COOH 
To produce the a oxidation is 
carried out with oxys: nd catalysts, 
which increase the sp: ind efficiency 
of the reaction. On a sn r scale, chem- 
ical oxidizers such as p ium perman- 


ACETOBACTER ACETI, A NATURAL or 
DIZER—In certain instances, as with ts 
acid, carboxylic acids can be produce 


oxidizing alcohols with microorganisms. UE 
tration 4 is a photomicrograph of these oe 
nisms (Acetobacter aceti). Chemically, 4 de 
acid is produced by oxidizing acetaldehy' d 
in the presence of catalysts. It can scd 
obtained in pure form from lower hydro 
bons. (1,300 X) 


ganate or nitric acid are used. In the 
manufacture of acetic acid, still anothes 
method is employed. Here, oxidation g 
an alcohol is obtained using miroo 
nisms (Mycoderma aceti, also calle 


FORMIC / Illustration 5a is a model of 
this acid': "cular structure. Formic acid 
is the sim: f carboxylic acids, and is the 
first in the It owes its name to the red 
ant, Form 3, shown in Illustration 5b. 
"mother egar”). These microorga- 
nisms rcl 'nzymes that are capable 
of transf : alcohol into acid: 
o 
CHCH, —> CHCOOH + H;0. 
zyme 

Another "mon production tech- 
nique, es; ly for making long-chain 
carboxylic is, is the saponification of 
fats and où vats and oils are esters of 
the “fatty ids in combination with 
glycerol, . their molecular weights 
are on the Lich end of the scale. When 
these compounds are treated with steam 
or by chemical means, saponification oc- 
curs, 


The resultant products are glycerol 
and a mixture of fatty acids (as their 
Sodium salts): 


CH;0-CO—C; Hs 
3 NaOH 
CH 0-CO-C; Hs SS. 


H;0-CO-C;; Hs 
slyceride or fat 


CH;-OH 
?CH—OH + 2 C,;Hs;COONa 
oleic acid 
sodium salt 
CH,-OH 
glycerol 


+ CigH;COONa 
palmitic acid 
sodium salt 


The sting of mosquitoes and bees is the result 
of this acid being injected under the skin. 
Certain plants also contain this acid, among 
them the nettle family and some pines. 


5c 


Still another method for acid produc- 
tion is to oxidize saturated hydrocarbons. 
However, this reaction has its limitations 
since it yields a mixture of acids that are 
difficult to separate from one another. In 
addition, the reaction does not respond 
easily to control and is difficult to stop at 
the desired point of oxidation. Finally, 
intermingled with the acid products are 


unwanted aldehydes and ketones. None- 
theless, successful attempts have been 
made to obtain the medium and higher 
weight fatty acids (palmitic and stearic 
acids, for example) from commercial 
paraffin, itself a mixture of higher hydro- 
carbons. Of economic interest is continu- 
ing research to find ways to convert par- 
affins into fatty acids through oxidation. 
This problem is directly linked with the 
still more important goal of producing 
fats from petroleum. 


FORMIC ACID H—COOH 


Formic acid takes its name from the red 
ant (Formica rufa), which is able to pro- 
duce the compound as a free acid. The 
chemical has been known since the seven- 
teenth century, and in the past has been 
produced by digesting the ants in water 
and distilling the resulting solution. The 
hairs of the nettle plant and some pine 
needles also contain the acid; hence, the 
irritation to skin on contact. Traces of 
formic acid are also found in human 
muscle and blood tissues. 

The acid, simplest of the carboxylic 
acids, contains two functions: the car- 
boxy] (—COOH) and the aldehyde 
(—CHO). These are represented in for- 
mic acid and formaldehyde: 

79 
H-COOH HO-C-H 
Thus, this compound has properties 
shared by no other acid in the series. Tt 
has, for example, reducing properties 
characteristic of the —CHO group, and 
like the aldehydes possesses antiseptic 
properties. Industrial production meth- 
ods begin with sodium hydroxide and 
carbon monoxide: 


120-150* C 
NaOH + CO ————» HCOONa. 


The sodium formate is then treated with 
sulfuric acid to liberate the formic acid. 

Formaldehyde, H—CHO, is obtained 
in large quantities from methane, and 
can also be used to produce formic acid. 
Because of its relatively low cost, this 
acid is used commercially in the textile 
industry. Formaldehyde is used widely 
in the manufacture of plastics. It is also 
used as an embalming agent and as a 
sterilizing agent for soil. 
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DERIVATIVES OF 


CARBOXYLIC ACIDS | 


The most widely distributed and abun- 
dant of all elements, carbon is a constitu- 
ent of all organic matter. In fact, organic 
chemistry is the study of the compounds 
of carbon, The carboxylic acids are among 
the more important carbon compounds. 

Derivatives of the carboxylic acids 
form the basis of some of the most com- 
mon substances known to man—aspirin, 
vinegar, and essential oils, to name a few. 
Such derivatives are commonly used 
in the manufacture of textiles, plastics, 
drugs, and paper. 

Actually, many compounds can be con- 
sidered to be derived from the carboxylic 
acids—the chlorides, the anhydrides, the 
amides, and the esters. All of these con- 
tain the acyl group 


R-C 
`g 
and are obtained by interchange of the 
—OH and various other groups such as 
the CO group. 


MOLECULAR MODEL OF ACETYL CHLORIDE 
—Acyl chlorides are made from correspond- 
ing acids reacting with thionyl chloride, phos- 
phorus trichloride, or phosphorus pentachlo- 
ride. In this model, the black spheres represent 
carbon, white hydrogen, red oxygen, and green 
chlorine. 


Some of the important compounds 
formed in this way are acetyl chloride, 
CH;COCI, and acetic anhydride, (CH;- 
CO);0, both used in industry and the 
laboratory; and the amides and nitriles, 
many of them contained in pharmaceu- 
ticals. 


HALIDES AND ANHYDRIDES 


Acid halides are substances in which the 
hydroxyl group of the acid has been re- 
placed by a halogen atom. For example, 
acetic acid reacts with phosphorus halides 
to form acetyl chloride, CH;COCI; acetyl 
bromide, CH3COBr; and acetyl iodide, 
CH3COI: 


CHCOOH + PCl; 
> CH;COCI + POCI + HCI. 


These compounds decompose in water 
to form carboxylic acids: 


CH;COCI + H:O > CH;COOH + HCI. 


In fact, if acetyl chloride is exposed to 
air, it emits fumes of hydrochloric acid. 

All acid halides have low boiling points 
and are highly reactive; the halogen can 
be easily substituted by the most diverse 
groups, including COH, —OC;H;, —NH., 
—NHOH, and —NHNHb». Indeed their 
importance is largely due to this fact. 
They also can be used to introduce the 
acid radical into other compounds. One 


general example (the Friedel-Crafts 
acylation) is: 
eR 
ArH--R-C —> Ar—C—R - HCl. 
Nor L 
oO 


Acid halides thus react with water to 
form carboxylic acids, with alcohols to 
form esters, and with amines to form 
amides. Consider, for example, the case 
of acetyl chloride: 


CH;COCI + H:O 
> CH;COOH + HCl hydrolysis 


CH;COCI + C;H;OH 
> CH$3COOC3H; + HCl alcoholysis 


CH;COCI + NH; 
> CH;CONH; + HCI ammonolysis 


Anhydrides constitute a class of com- 


the acyl group that 
gives rise to many families 


pounds with a reactivi: 
of the halides, They ar: 
inating one water m: 
molecules of the acid: 


CH; -C=O 
"on 
P.O; 
—H« 
OH 
/ 
CH; -C-O 


acetic acid 


Formic acid, which 
wounds if it is allowed | 


with the skin, is an exce 


its dehydration yields : 
The first anhydrides in 
C12) are liquids, which 


ing points and greater » 


(almost double) than : 


Anhydrides are made by 


cule of sodium salt with 


MOLECULAR MODEL OF : 
—Acetic anhydride, the ^ 
hydrides, is prepared f 

decomposes into methan: 
heated. Ketene then rea 

of acetic acid to form the 
action is similar to that o^ 
but takes place much more 


imilar to that 
^ ned by elim- 
le from two 


H, -C=0 


tic anhydride 


uses painful 
me in contact 
m to this rule; 
on monoxide. 
series (up to 
» higher boil- 
cular weights 

of the acids. 
icting a mole- 
lide molecule 

— 


-1G ANHYDRIDE 
;ommon of an- 
acetone, which 
i ketene when 
uth a molecule 
hydride. The re- 
» acyl chlorides, 


owly. 


FUMES C! 'ROCHLORIC . ACID—Acetyl 
chloride re ith water to form acetic and 
hydrochlor s, the latter visible as fumes 
when broui > contact with air. 
of the sary different acid: 
CH;C =O 
CH,CO Ci] NS 
I O -- NaCl 
CH,COO Jj e 
CH;C-O 


Mixed anhydrides are also obtained 
by using radicals of different acids. A 
molecule of acetyl chloride thus reacts 
With a molecule of sodium proprionate to 
form acetyl propionic anhydride: 


CH,C-O 


CH4CC 
CH,CH;COO 


N 
g O+ NaCl 


CH;,CH;C-O 
Acetic anhydride is usually prepared 
by the cracking of acetone, which results 
in the formation of ketene: 


— CH,-C-04 CH, 
ketene 


Ketene is then made to react with acetic 
acid to obtain the anhydride: 
ul (0) 
CHCOOH + CH=C=0> o 
zi 
CH;C-O 
Organic chemistry makes frequent use 
of the simpler anhydrides, in addition to 
the acid halides, to introduce the acid 
radical (acylation): 
(RCO). + ArH ———»5 


AlCl, 
ER ER Ar + RCOOH. 
l 


[9] 
Anhydrides react with boiling water 
to yield acids: 


(CH3CO).0 + HO > 2CH,COOH, 
with ammonia to form amides 


(CH4CO)40 + 2NH; 
> CH,CONH, + CH,COONH,, 


acetamide ammonium acetate 
and with alcohols as follows: 
SECON 
O+ HOCH; > 
/ 


CH;CO 


> CH;COOCH, + CHCOOH > 
methyl acetate acetic acid 


Acylation may be defined as the sub- 
stitution of a hydrogen atom by the acyl 
group. Acetylation differs from acylation 
in that a hydrogen atom of a hydroxyl 
group is replaced by the acyl group. In 
the human body, this reaction is very im- 
portant biologically, for it constitutes one 
stage in the intermediate metabolism of 
fats and sugars. Acetylation also has ex- 
tremely important industrial applications, 
as in vinyl acetate (plastics and resins), 
ethyl acetate (solvents), and acetyl sal- 
icylic acid (aspirin). 

Acetyl cellulose, used in the manufac- 
ture of such synthetic fibers as rayon 
acetate, is a special example of acetyla- 
tion. Chemically a polytrivalent alcohol, 
cellulose can be treated to obtain mono- 
esters, diesters and triesters. Cloth made 
of fibers of cellulose triacetate is prac- 
tically wrinkle-free. 


AMIDES AND NITRILES 


Amides are obtained by treating the 
chlorides, anhydrides, or esters of acids 
with ammonia: 


CH;COCI + 2NH; 
> CH;CONH, + NH,CI 


(CH,CO).0 + 2NH; 
> CH,CONH: + CH;COONH, 


CH,COOCH,CH; + NH; 
> CH;CONH, + CH;CH,0H 


PRODUCTION OF CELLULOSE ACETATE—In- 
dustrial production of cellulose acetate takes 
place in modern filtering rooms like this one. 
Raw cellulose reacts with acetic anhydride in 


the presence of sulfuric acid (catalyst) and 
diluents. One well-known end product is the 
familiar rayon acetate, Cellulose acetate is 
also used for photographic film. 
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ACETAMIDE—Amides are generally prepared 
from acid chlorides and ammonia, or from 
carboxylic acids and ammonia. In this model, 
the acetamide has the formula CH;CONH;; the 
orange sphere represents a nitrogen atom. 


Amides are prepared in the laboratory 
by the first two methods; they are made 
industrially from the ammonium salts of 
carboxylic acids: 

RCOOH + NH; RCOO-NH,* > 


hett, RCONH + H:O. 


When heated with aqueous solutions 
of acids or bases, amides hydrolyze to 
form free acid: 


CH;CONH + H;SO, + H:O 
7CH;COOH + NHHSO,, 


or sodium salt: 


CH;CONH, + NaOH 
> CH;COONa + NH;; 


this reaction is accompanied by the for- 
mation of ammonia, which can easily be 
recognized by its odor. 

Amides treated with a dehydrating 
agent (phosphoric anhydride) are trans- 
formed into nitriles (—C=N): 


P.O 
CH$4CONH; —— CH;CEN. 
—H:0 
Nitriles can be considered derivatives 
of hydrocyanic acid (prussic acid) and 
are obtained by substituting the hydro- 


ACETONITRILE—Nitriles are prepared by heat- 
ing alkyl halides with sodium cyanide in a 
solvent capable of dissolving both substances. 
Acids are obtained from the nitriles by hydro- 
lysis (acid or base). 


gen atom with an organic radical: 


CH;zN methyl cyanide 
(acetonitrile ) 


CH;CH,C=N_ ethyl cyanide 
(propionitrile ) 

ZN 

A 


—C=N benzonitrile 


Halides also can be heated with an 
alkaline cyanide in a solvent that dis- 
solves both the reagents to form nitriles: 


CH;Cl + KCN > KCI + CH,;CN 


Nitriles, like amides, are transformed 
into the corresponding acids by hydrol- 
ysis (acid or base). The triple bond 
makes them particularly reactive; they 
can add water to yield amides, and hy- 
drogen to yield amines: 


CH;CN + H:O > CH;CONH; 
CH;CN + 2H; CH3CH;NH. 
making them important to organi 
ists. Industrially, acrylonitrile (| 
CH-CN) polymerizes easily to p 
synthetic fibers. 
The lower members of the carboxylic 
acid family have a sharp or acrid odor; 
the acids from C, through Cs have a dis- 


EXPANDED MOLECULAR M( OF BENZO- 


NITRILE—Nitriles are consic to be deriva- 
tives of prussic acid, from w they are ob- 
tained by substituting the hy on atom with. 
an organic radical. Benzoniir an aromatic 
nitrile. 

tinctly disagreeable smel 1e odor of 
rancid butter and strong « e is due to 
volatile carboxylic acids. ‘I igher acids 
are practically odorless bvo vse of their 
low volatility. 

Many different acids of family are 
widely distributed in natu» Citric acid, 
which makes up about 6 ent of the 
juice of an unripe lemon, is + 'so found in 
many animal tissues, bone. and blood. 
Citiric acid is used as a medicine and in 


the manufacture of foods and beverages. 
Caproic acid is the source of the charac- 
teristic odor of goats. Formic acid is 
found in stinging nettles, in the bodies of 
ants and in some caterpillars. 

Vinegar, a dilute solution of acetic acid, 
has been known since ancient times. Its 
inci foods as a flavoring and 
it throughout history it 
led as having medicinal 
ates prescribed it for his 
was used with considerable 
eating scurvy during the Civil 
manufacture of vinegar is à 
e process involving the conver 
sugars to alcohol by yeasts and the 
conversion of alcohol to acetic acid bY 
bacteria, 


A I -DDEHYDES | preparation and properties 


The tional group that identifies alde- 
hyd | ketones is the carbonyl radical 
E Ihe double bond between the 
carl tom and the oxygen atom has 
sucl gh reactivity that carbonyl com- 
pou in be considered a pillar of syn- 
theti anic chemistry. 


In ehydes the carbonyl group is 


bon: a hydrocarbon chain (R) and 
toa gen atom: 

H. 

b 

R 
R ca an aliphatic, aromatic, alicyclic, 
or h yclic group, In the first mem- 
ber « e series, formaldehyde, R is a 
hydr atom. 

T! m aldehyde is derived from 
alcoho: /ehydrogenatum because alde- 
hyde n be produced by removing 
hydr from primary alcohols. The 
differ 1embers of the series are dis- 
ting: (l by the name used for the ċor- 
resp g acid: 

[6] (0) 
" Z 
c OH CH,—C—H 
acid acetaldehyde 
Refer can also be made to the name 
of the orresponding hydrocarbon; the 
name he aldehyde is then obtained 
by ad the suffix -al: 


H;—CH;—CH;—CH; 
butane 


oO 
4 
CH3—CH,—CH;—C 
H 
butanal 


With regard to degree of oxidation, alde- 
hydes lie between the alcohols and the 
carboxylic acids: 


o 
+140. PA 
CH,—CH,OH ——— CH,-C > 
alcohol aldehyde s 
(0) 
+10, 4 


— ——. CH;—C 
carboxylic \ 
OH 


aci 
PROPERTIES 
The group CHO which is to be found in 


all aldehydes contains the most active 
form of the carbonyl function known to 


chemists, and it is to the intense reactiv- 
ity of this function that the aldehydes owe 
their importance as organic synthetic 
agents both in nature and in the chemical 
laboratory. Many aldehydes are known; 
some are produced artificially, while 
others are found in plants. 

The aliphatic aldehydes contain mem- 
bers that are gases (formaldehyde and 
acetaldehyde), liquids (from 3 to 11 car- 
bon atoms), and solids (12 or more car- 
bon atoms) at ordinary temperatures. 

Lower molecular weight aldehydes 
have penetrating and generally unpleas- 
ant odors. The odor changes gradually, 
however, as molecular weight increases. 
It eventually becomes pleasant in the 8 
to 14 carbon atom group. Some of these 


PREPARATION OF PROPIONALDEHYDE—An 
important preparation widely used in labora- 
tory syntheses consists of converting carboxy- 
lic acids into aldehydes. The acid is reduced 
by passing its vapors (together with formic 
acid) over titanium oxide at high tempera- 
tures. In the case of propionaldehyde the 
starting material is propionic acid. The reac- 


n-BUTYRALDEHYDE — This 
aldehyde—chemical formula 
CH;CH,CH;CHO — is also 


known as butanal, the name 

being derived from the cor- 

responding hydrocarbon. 
This compound is a liquid 


at ordinary temperatures 
(it freezes at —99* C or 
— 146.2* F and boils at 76°C 
or 168.8? F). It is quite solu- 
ble in water (7 g of the alde- 
hyde dissolve in 100 g of 
water). 


compounds are actually used in per- 
fumery. 

Some aldehydes are produced indus- 
trially as intermediate compounds in or- 
ganic syntheses. 

Other uses of aldehydes, apart from 
those connected with the production of 
perfumes, will be examined later. 


PREPARATION 


The raw materials for the preparation of 
aldehydes are principally alcohols, car- 
boxylic acids, and unsaturated hydro- 
carbons, 

a. A method of fundamental impor- 
tance for both industrial and laboratory 
preparation of aldehydes is oxidation 


2b 


a 


> 


tion with formic acid (Illustration 2a) takes 
place at 300 to 330° C (572 to 626° F). The 
aldehyde is produced along with carbon di- 
oxide and water (Illustration 2b). Propionalde- 
hyde is a liquid at ordinary temperatures. It 
freezes at —81°C (—113.8? F) and boils at 
49° C (120.2° F). 
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of primary alcohols: 


PREPARATION OF ALDE- 
HYDES WITH LOW FREEZING 
POINTS—Flask A in the dia- 
gram contains n-propyl alcohol, 
while the dropping funnel B 
contains an aqueous solution 
of sodium bichromate and sul- 
furic acid. Flask A is heated; 
the oxidizing agent is then 
added as soon as the alcohol 
shows signs of boiling, the rate 
of dropping being adjusted to 
limit the temperature rise 
caused by the exothermic char- 
acter of the reaction. The alde- 
hyde, a more volatile substance 
than the corresponding alcohol, 
distills off very rapidly. The rec- 
tification column C ensures a 
better separation of the alcohol 
and the aldehyde. The cold 
water circulated through the 
water jacket D then serves to 
condense the aldehyde vapors. 
Liquid aldehyde is collected in 
the flask E, which is immersed 
in ice. 


o 
CH;—CH;—OH — 


ethyl alcohol 


f 
— CH;—C 


In industrial processes this reaction is 
carried out in the gas phase with air as 
the oxidizing agent, This process is 
treated in greater detail in another arti- 


[9] 
+ H,0. 


H 
acetaldehyde 


cle. In the laboratory the oxidation is car- 
ried out in the liquid phase with chromic 
acid (obtained from sodium bichromate, 
NasCr40;) and sulfuric acid: 


3 CH;—CH,—CH;—OH + 2H,CrO, + 6 Ht — 


chromic 
acid 


n-propyl alcohol 


4 
—* 3 CH;,—CH;—C 


o 
T 2Cr** + 8H;0. 


propionaldehyde H 


As indicated, the hexavalent chromium of 
chromic acid acts as the oxidizing agent 
and is reduced to the trivalent state. 

These reactions must be controlled 
carefully to prevent further oxidation of 
the aldehyde to a carboxylic acid: 


CH;—CH,—C 


propionaldehyde 


4 
—* CH,—CH,—C 


OH 


propionic acid 


This subsequent oxidation can be avoided 
by immediately removing the aldehyde 
from the reagent mixture. 

Conversion of a primary alcohol into an 


aldehyde can also occur in the absence 
of an oxidizing agent as a result of simple 
dehydrogenation: 

10) 


VA 
CH;—CH;—OH ——- CH;—G 
ethyl alcohol 


TH 


H 
E acetaldehyde 


————————ÉÓE 
PREPARATION OF ACETALDEHYDE — The 
conversion of acetylene into acetaldehyde is- 
an important industrial process. The hydra- 
tion of acetylene (Illustration 4a) is carried out 
in the presence of sulfuric acid and mercuric 
sulfate. This leads to the unstable product 
vinyl alcohol (Illustration 4b), which immedi- 
ately isomerizes into acetaldehyde (Illustra 
tion 4c). Acetaldehyde freezes at —121°0 
(—185.8? F) and boils at 20? C (68°F), It is 
highly soluble in water. 


a 


This reaction calls for temperatures of the 


ried out in various ways, 


order of 30^" € (572? F) and copper- The carboxylic acid can be reduced by 
based catal; passing its vapors over titanium oxide at 

b. The « vsion of carboxylic acids 300 to 330°C (572 to 626° F) together 
into aldehy is of primary interest for with formic acid: 
laboratory rations and can be car- 

i 
] 
i H 
qo d o 
eee 4 
Eus —> CH,—CH—C +CO,+H.,0. 
aci 
OH| NS 
H 
H—C propionaldehyde 
X 
formic oO 
acid 

An analog reaction is produced by calcium salts (calcium propionate and 
heating a ı re of the corresponding calcium formate): 

CH;—C! 

[9] 
x a 
Ca + Ca —> 2 CH;—CH;—C + 2CaCO;. 
JA calcium 
H carbonate 

CH;—C! 

Chloride the acids, which can be ily reduced to aldehydes by hydrogen in 
obtained fi « arboxylic acids by treat- the presence of a palladium catalyst ( Ro- 
ment with cì:tovinating agents-phosphor-  senmund reaction): 
us(V) chic , for example—are read- 


a i 
CH,—CH,—c Fa 


Propionic 
acid 


This reaction may be made to occur 
in the liquid phase by bubbling hydrogen 
through a hot solution of the chloride 
in xylene and maintaining the catalyst in 
Suspension, 

€. The conversion of unsaturated hy- 
drocarbons into aldehydes is of consider- 
able industrial interest, particularly in 
view of the low cost of starting materials 


—— + CH;—CH,—C 


Hs.Pd 
—— CH;—CH;—C 


cl ropion- 
Saydi 


such as acetylene, ethylene, propylene, 
and isobutylene. 

The hydration of acetylene to form 
acetaldehyde occurs in the presence of 
sulfuric acid and mercury sulfate (the 
catalyst). The initial product of the addi- 
tion of water is vinyl alcohol, an unstable 
compound that immediately isomerizes 
into acetaldehyde: 


vinyl alcohol 
(unstable) 


The conversion of ethylene into acetal- 
dehyde makes use of molecular oxygen 
in dilute aqueous solutions of hydro- 
chloric acid containing palladium and 
copper(II) chloride, This reaction takes 
place at moderate temperatures and 
pressures. It is now the basis of important 
industrial processes. The mechanism of 
this interesting oxidation includes the 
formation of a complex compound of 
ethylene and palladium chloride: 


CH=CH: + PdCl, > CH;=CH; 


t 
PdCl; 
Hydrolysis of this complex, accompanied 
by oxidation of the ethylene to alde- 
hyde and reduction of the salt to a metal, 
follows: 


CH:=CH; + H:O — 
PdCl; o 


4 
— ie + Pd +2HCl, 


H 
The palladium chloride is regenerated as 
a result of oxidation of palladium metal 
by the copper(II) chloride 


2 CuCl, +Pd>2 Sachs PdCl,. 
EL. “lode. 
Finally, the copper(II) chloride is re- 


generated by oxidation of the copper(I) 
chloride by oxygen: 


2CuCl + 2 HCI + % O; 
=> 2 CuCl: + H30. 

Thus, oxygen plays only an indirect 
part in the oxidation of the ethylene. 
Conversion of the ethylene is ensured by 
catalytic quantities of the two chlorides, 
since the copper(II) chloride is contin- 
ually regenerated by the oxygen. The 
copper(II) chloride then regenerates the 
palladium chloride, 

A reaction of unsaturated hydrocar- 
bons of considerable industrial interest 
makes it possible to produce aldehyde 
molecules that have one more carbon 
atom than the hydrocarbon used in the 
preparation, This reaction is carried out 
at temperatures between 100 and 200° C 
(212 and 392° F) and at a pressure of 
200 atmospheres (about 2,940 Ib/sq in.). 
Cobalt tetracarbonyl, Coy(CO),, acts as 
a catalyst, 

The characteristic reactions of alde- 
hydes and methods of preparation of aro- 
matic aldehydes will be discussed in 
greater detail in other articles. 
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FORMALDEHYDE 


The importance of aldehydes as inter- 
mediates in the preparation of organic 
and polymeric materials is best appre- 
ciated by examining those members of 
the series that are of particular industrial 
interest. This article is thus devoted to 
formaldehyde. 

Formaldehyde has the chemical for- 
mula: 


It is a highly irritating, colorless gas 
formed during the incomplete combustion 
of organic substances. Because formal- 
dehyde is poisonous, all personnel con- 
cerned with its preparation or the pro- 
duction of its derivatives must submit to 
periodic medical examinations, Formal- 
dehyde is obtained in large quantities by 
means of the oxidation of methyl alcohol 
and also by partial oxidation of the higher 
molecular weight hydrocarbons. 

Production of formaldehyde from 
methyl alcohol is accomplished by pass- 
ing the vapors of the alcohol (together 
with air) over copper or silver at tem- 
peratures of the order of 450 to 650° C 
(842 to 1,202? F) or over iron and mo- 
lybdenum oxide catalysts at 300 to 400° C 
(572 to 752? F). In the first case oxida- 
tion and dehydrogenation take place 
simultaneously: 


CH,OH + 40, —+ 


o 

— H-CÍ +H0 (1) 
^u 
o 

CHOH — H-C +H, (2) 
H 


In the second case only oxidation occurs. 

The production of formaldehyde from 
hydrocarbons is based on a partial oxida- 
tion carried out either with air or oxygen 
under pressure and at temperatures that 
depend on the starting materials. With 
butane, for example, the reaction is car- 
ried out at 400°C (752° F) and at 20 
atmospheres. In addition to formalde- 
hyde, a large number of secondary prod- 
ucts, including acetaldehyde and methyl 


alcohol, are produced. The reaction prod- 
ucts must therefore be separated by frac- 
tional distillation. 

Formaldehyde is very easily polymer- 


Polymerization of formaldehyde occurs 
particularly readily in the liquid state or 
in solution. Moreover, it is accelerated 
by water, acids, or alkalis. The catalyst— 
that is, the water, acid, or alkali—supplies 
the groups of atoms that close the chains 
at their ends. In the case of water, for 
example, the polymer has the following 
structure: 


HO-| —C—o— |-H 
n 


In this polymer the hydrogen atom and 
the hydroxyl group are derived from a 
water molecule. 

When the polymer chains consist of a 
relatively small number of monomers 
(n < 100), the polymer—called paraform- 
aldehyde—is a white solid. This substance 
depolymerizes on heating, thereby re- 
forming the original aldehyde. Linear 
polymers of formaldehyde of greater 
length (n > 100), on the other hand, are 
generically known as polyoxymethylenes. 
When n is a particularly large number, 
the products have plastic properties. In 
view of the low cost of formaldehyde, 
these substances are of great commercial 
importance. 

A disadvantage of these polymers is 
their low thermal stability and their poor 
resistance to acids. A considerable im- 
provement in their properties, however, 
can be obtained by stabilizing them by 
means of special molecular groups at the 
ends of the chains. Delrin, for example, 
is a modified polyoxymethylene of this 


preparation and 
industrial applications 


ized because of the presence of the — 
double carbon-oxygen bond (the car- 
boxyl group >C=O ). The reaction occurs 
according to the following mechanism: 


type; it has good plastic properties. i 
Trioxane, a stable crystalline solid, is 
a cyclic trimer of formaldehyde: 


HH 
E Y 
č 
d m 2 v E 
H, | IH 
Der en Sa ig 
BÁN P, S. HÀ VA 
Oo 


A wide range of products is obtained 
from the reactions of formaldehyde with 
urea, melamine, and phenol. Urea resins | 
are used in electrotechnology, in the pro- 
duction of recording disks, as adhesives, 
and in the textile industry. Melamine 
resins are used for producing laminati 
plastic products. Finally, phenolic res 
find uses in terms of their excellent di- 
electric properties, their resistance w 
chemicals, and their great mechanical 
strength, Other industrial uses of formal: 
dehyde are in the preparation of hexa- 
methyltetramine and pentaerythritol, » 
tetravalent alcohol, C(CH:0H)s, easily 
prepared from acetaldehyde and formak 
dehyde. It is used to produce resins 
also the explosive pentrite, prep: | 
complete esterification of the four alkoxy 
groups with nitric acid: 


CH,—ONO: 
| 
CH,—C—CH,—ONOz 


| 
ONO, CH:—ONO2 
pentrite 


Pentri! 
is a sen 
also in m 
not in sy 
II, altho: 
Like mo 
trite wa: 


pentaerythritol tetranitrate, 


high explosive. It is used 


me as a vasodilator. It was 


tic use before World War 
was first prepared in 1891, 
tary high explosives, pen- 
nly after their detonation 


(by means of detonators) became well 
understood. It is usually mixed with 
other ingredients. 

Various other synthetic products pro- 
duced from formaldehyde find applica- 
tion in the textile and paper industries, 
in the pharmaceutical field, and in the 


rubber industry (accelerators and anti- 
oxidation agents). Finally, formaldehyde 
itself is used as a fungicide, deodorant, 
and disinfectant. For these purposes, it is 
supplied as formalin—an aqueous solu- 
tion containing 37 to 50 percent formal- 
dehyde by weight. 


chain. This substance is suitable for the pro- 
duction of paints and adhesives (Illustration 


1a). In an alkaline medium, however, ti 
action takes a different course (Illustration 
1b); first, it leads to the formation of aromatic 
alcohols and then to synthetic resin products 
with a network structure. 

A portion of a molecule of this type is 
shown in Illustration 1c. In the preparation 
of such a synthetic resin product the conden- 
sation of the formaldehyde and phenol is 
generally limited to a product of relatively low 
molecular weight (resol), which can still be 
fused. During the hot molding of the object, 
this is turned into the fina! polymer (resite), 
which is both infusible and insoluble. 
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eight pairs of 
optical antipodes 


THE MONOSACCHARIDES 
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STRUCTURE OF MONOSACCHARIDES — 
Monosaccharide molecules contain several hy- 
droxyl functions and either an aldehyde or ke- 
tone function. The best known of the series is 
that with six carbon atoms (hexose) shown in 
Illustration 1a. The four carbon atoms marked 
with an asterisk are dissymmetrical because 
they are substituted with four different groups, | 
and exist in two antipodal forms; the molecule 
thus has 16 isomeric possibilities (2). D-fructose L-fructose 

All 16 optically active isomers (eight pairs 
of optical antipodes) are known. The more 
important ones are derived by Fischer’s pro- 
jection (Illustration 1b) and are shown in the 
D-forms because the carbon atom 5 has the £ 
same configuration as the reference com- 
pound, D-glyceraldehyde. The L- forms (illus- 
tration 1c) are analogous, and both forms are 
mirror images of each other. Each causes the 
plane of polarized light to be rotated by the 
Same amount in opposite directions, but they 
display no other differences either in physical 
properties or chemical behavior. 
L-glucose L-glyceraldehyde Fructose, one of the ketones with six carbon 
atoms, is also a constituent of important disac- 
charides (Illustration 1d). The carbonyl group 
in fructose is usually combined with one of the 
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ical nature « wbohydrates is derived 


drates are recognized—monosaccharides, 


Monosaccharides include the simple 


from the pre > of both hydroxyl (al- disaccharides, and pol i 
: 5 polysaccharides. All sugars fructo: i 
cohols) an rbonyl (ketones, alde- are characterized by quite different Ed tete yeu geet 
hydes) gro: M: physical properties and chemical be- sweet taste and their solubility in water 
Three m: bdivisions of carbohy-  havior. Many of the early experiments on mono- 
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D-glucose 


Herska 


HJ 


D-fructose 


L-arabinose (pentose) 


papa in the molecule; the linkage is due 
thata neat! bond (Illustration 1e—note 
deum ydrogen molecule has shifted in the 
Gel on of these cyclic compounds). The 

C Structure better reflects the real state 


of the molecule; open formulas used to deter- 
mine the configuration of various hexoses are 
thus abandoned. Two cyclic representations of 
D-glucose, D-fructose, and L-arabinose (pen- 
tose) are shown; the second (hexagon, or pen- 


tagon) has the added advantage of being 
closer to the real configuration of the mole- 
cule, In the case of crystalline D-glucose, 
x-ray studies have demonstrated the chairlike 
structure of Illustration 1f. 
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2 
PROPERTIES OF MO) 
Sugars dissolve easily in v 
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soluble in ether and o! 
A fundamental property 
their optical activity. In t 
stances containing di 
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to polarized light when 
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(a)p = +52.5°. 


saccharides were performed around 1890. saccharides decompose into the simple cogen, and starch. Thes 
Disaccharides (lactose, maltose, su- sugars, or monosaccharides. hydrates are either inso 
crose) are formed by the union of two Polysaccharides are represented by they are soluble only * 


) monosaccharides. In hydrolysis, the di- such substances as cellulose, dextrin, gly- loidal state. 
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NOSACCHARIDES—D-glu- 
are found in a free state 
plants. Glycosides are an 
urce of sugars and under 
acid, or alkali) produce 
icohol or phenol. Glyco- 
e of the sugar involved; 
galactoside if galactose, 
nonsugar component is 
setal carbon atom of the 
ustration 3a. 
glycosides depend on 
s the « or f isomer. In 


enzyme 
3,0 = C,H,,0, + ROH. 


jlucose 


thus closely related to the 
iion. Some enzymes (a- 
only the alpha-glycosides, 
cosidases) react only on 


jlycosides in plants is not 
own that some medicinal 
ire connected to glycosides 
inced physiological action. 
of the B-glycosides (saly- 
k) is shown in Illustration 
component in salycine is 
\ydroxyl-benzylic alcohol. 
O-glycosides (alcohols or 
the semiacetal carbon 
bridge), some N-glycosides 
biologically active mole- 
jlycosides, the sugar (five 
` be either D-ribose or 2- 
shown in Illustration 3c. In 
ine, the sugar is D-ribose 
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B-glycoside 


Salycine 


a-D-ribose 


| d 
Adenine Adenosine 


cular activity of animals. Some N-glycosides 
are also related to the compounds RNA (ribo- 


nucleic acid) and DNA (deoxyribonucleic acid), 


Aldose 

SYNTHESIS—A complex mixture of sugars can 
be obtained by the action of alkalis on formal- 
dehyde—a reaction that is represented for- 
mally, but not actually, by Illustration 4a. The 
same type of sugars can also be obtained 
from glyceraldehyde and dioxyacetone by 
condensation (Illustration 4b). 

Carbohydrates are formed in green plants 
as the result of photosynthesis. This process 
consists of a reaction between the water and 
carbon dioxide absorbed by the plant: 


CH20)y + yO. 
YCOn E yno non s 


T 


B-2-deoxy-D-ribose 


which are found in all living cells and are re- 
sponsible for the basic functions of life itself 
(for example, hereditary characteristics). 


Photosynthesis produces carbohydrates and 
oxygen; the oxygen is restored to the atmo- 
sphere in the process. Sunlight supplies the 
energy for the reaction, which is aided by the 
catalyst chlorophyll. The chlorophyll molecule 
is particularly reactive in sunlight and trans- 
mits this energy to other reactions. An inter- 
mediate product of photosynthesis is a deriv- 
ative of D-glyceric acid: 
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c 
“OH 
H—C—OH 


I 
CH;OH 


This product gives rise, through a series of 
reactions catalyzed by enzymes, to both sim- 
ple sugars and more complex disaccharides 
and polysaccharides. 

The most important source of monosaccha- 
rides is, of course, the disaccharides and 
polysaccharides themselves. 
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ACETIC ACID 


Acetic acid, CH;COOH, has been known 
since ancient times as the sour ingredient 
of vinegar. In fact, Pliny relates that 
Cleopatra occasionally sipped a drink 
produced by dissolving pearls in vinegar. 
Concentrated acetic acid, on the other 
hand, was first prepared about 200 years 
ago. Acetic acid is unusually abundant in 


GLACIAL ACETIC ACID—Pure acetic acid is 
a colorless liquid. It crystallizes at 16°C 
(about 61° F) into crystals that are similar to 
those of ordinary ice. It irritates the skin and 
can also produce sores. 


1 


y 7 
"MOTHER OF VINEGAR” — If Mycoderma 
aceti (more commonly known as “mother of 
vinegar") is placed in wine, acetic acid will be 
formed. This material contains the bacteria 
that cause fermentation of the alcohol in wine. 


a chemical produced 
by bacteria 


the Plant Kingdom. Plants sometimes con- 
tain it in the free form, although for the 
most part it is combined with alcohols in 
the form of esters. It is also found in an- 
imal secretions. Many microorganisms 
and fermenting agents are capable of 
transforming organic substances into ace- 
tic acid. The compound is found in sour 
milk and in cheese. It is also formed dur- 
ing the fermentation of alcoholic liquids; 
this is how vinegar is produced from 
wine. 

Pure acetic acid is a clear and colorless 
liquid with a pungent odor. In the an- 
hydrous form it solidifies at 16? C (about 
61° F) into crystals that are quite similar 
to ordinary ice crystals. This is the basis 
of the name glacial acetic acid. The acid 
is irritating to the skin and can produce 
painful sores. Aqueous solutions of the 
acid have a corrosive effect even on met- 
als—aluminum, for example. This might 
cause concern because the vinegar used 
for cooking is a dilute solution of acetic 
acid, and so could attack kitchen utensils. 
The concentration of acetic acid in vin- 
egar is so low (generally of the order of 
5 to 6 percent), however, that the effect 
on utensils is for all practical purposes 
negligible. Vinegar is manufactured by 
a process in which carbohydrates are fer- 
mented to yield ethyl alcohol, which is 
then oxidized to acetic acid. Names such 
as malt vinegar or cider vinegar indicate 
the origins of the carbohydrates used in 
the fermentation process. 


BIOLOGICAL METHODS 
OF PREPARATION 


The ability of microorganisms to trans- 
form ethyl alcohol into acetic acid is 
used to produce wine vinegar for hu- 
man consumption. Some acetic ferment 
(mother of vinegar") is added to the 
wine and the liquid is allowed to stand 
undisturbed in a tepid place. After a 
time oxidation of the alcohol and forma- 
tion of the acid takes place. This is called 
the Orléans process. The numerous bac- 
teria of the Acetobacter type that make 
up the “mother of vinegar” contain an 
alcohol-oxidizing enzyme—a catalyst that 
uses the oxygen of the air to oxidize the 


ethyl alcohol, producin; » .ctaldehyde as 
an intermediate produ 
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As these reactions , the acetic 
bacteria oxidize the alc into an alde- 
hyde. The hydrate of th :hyde is then 
transformed into aceti | by enzyme 
action. 

The so-called fast pri for produc- 
ing acetic acid is mo: id than the 
Orléans process. In th process the 
oxidation of the alcoh achieved by 
allowing it to drop into -sod shavings. 

Older factories for ti» sroduction of 
acetic acid consisted wooden vats 
filled with beech shavin r some other 
cellulose material) whic’. served as sup- 
port for Mycoderma aceti, the micro- 
organism that catalyzes the oxidation. 
The alcohol, obtained : the fermen- 
tation of molasses and separated by dis- 


tillation, was then allowed to drop onto 
this material. The alcohol solution was 
diluted (12 to 15 percent in order to 
avoid killing the bacteria) and contained 
phosphate and ammonium salt additives 
that served as food for the microorga- 
nisms. The air needed for the oxidation 
was introduced from the bottom of the 
vat. The air was warmed by the heat 
emitted during the reaction, passed 
through the entire reacting mass, an 
then escaped from the top of the vat: 
The operation was carried out at a tem 
perature of about 35°C (95°F). The 
product of this method was acetic ac! 
having a concentration of about 10 pet 
cent. e 

The activity of the microorganism 5 
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OF WOOD 


l, a product obtained 
ive distillation of wood, 
to 6 percent acetic acid 
;ethyl alcohol, oils, and 
pounds. In order to sep- 


INTERMEDIATE ACETY- 
produces acetylene, which 
nto acetic acid. The acety- 
by treating methane with 

snce of mercury (II) sulfate, 
acts as a catalyst. 


PRODUCTION OF ACETIC ACID — Acetylene 
is first washed thoroughly with water, then 
passed through rectification columns, and fi- 


arate the acid from these other products, 
the mixture is first neutralized with lime: 


2 CH4COOH + CaO 


acetic acid lime 


> (CH4COO );Ca + H:O. 


calcium acetate 


The crude calcium acetate (calcium py- 
rolignite) is then treated with sulfuric 
acid to obtain calcium sulfate and acetic 
acid: 


(CH,COO).Ca + HSO, 
> 2 CH,COOH + CaSO,. 


This acid is purified in part by treating 
it with an oxidizing agent (permanganate 
or bichromate) that eliminates impuri- 
ties. Finally, distillation produces 99.5 
percent pure acetic acid. 


CHEMICAL SYNTHESES 
The bulk of the acetic acid in use today 


is produced by the oxidation of acetalde- 
hyde, which is obtained either from ethyl 


nally oxidized in the presence of a suitable cat- 
alyst. The acetylene is oxidized into acetic 
acid in the apparatus Illustrated, 


alcohol or from acetylene by means of 
hydration: 


O, 
HC = CH + H0 CH,CHO, 
acetylene mercury salts acetal- 
dehyde 


This method of synthesis is becoming 
increasingly more important. Indeed, 
acetic acid produced from acetylene is 
now about as plentiful as acetic acid 
produced from wood, 

The oxygen of the air is the most eco- 
nomic oxidizing agent available; it is pos- 
sibly also the most difficult to use, Al- 
though atmospheric oxygen always reacts 
with organic substances at ordinary tem- 
peratures, the reaction speed is generally 
too low under these conditions and does 
not produce an acceptable yield. 

If molecular oxygen is to react at 
speeds suitable for industrial processes, 
a higher temperature as well as a catalyst 
must be used. Oxidation of acetaldehyde 
is made to occur in the presence of the 
catalysts, manganese acetate or cobalt 
acetate. The reaction temperature is of 


129 


—_ 


130 


the order of 60° C (140° F) and the pres- 
sure is generally about 5 atmospheres. 
The reaction is complete in 12 to 14 
hours. Traces of residual aldehyde are 
recovered by washing the exhaust gases; 
they are then put back into the cycle. 
This method produces acetic acid hav- 
ing a concentration of more than 96 per- 
cent. 

If an arrangement is set up that re- 
moves acetic acid as it is formed and 
supplies new acetaldehyde as it is needed, 
the result yields acetic acid in concentra- 
tions of up to 90 percent. 

Finally, acetic acid can be produced 
by the oxidation of ethane in the presence 
of a metallic catalyst: 


CH3CH; 
O, Cu 
— — ——25 CH; COOH + CH;CHO. 


100 atmospheres 


If a high yield of product is desired, a 
limited quantity of oxygen must be sup- 
plied. In addition, the hydrocarbon must 
be recycled. 


USES OF ACETIC ACID 


Acetic acid is of considerable industrial 
importance, In addition to its extensive 
use in vinegars, it is widely used as a 
—ÓÁ— À——Á 
CELLULOSE ACETATE—Acetic acid is used 
as an acetylating agent of cellulose. The cel- 
lulose acetates thus produced are used to 
manufacture plastics similar to celluloid and 


artificial silk. Cellulose acetate thread is shown 
here. 
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solvent for resins and oil essences. It is 
also used in the synthesis of some per- 
fumes and dyes. Acetone, an important 
industrial chemical, is produced by bring- 
ing the vapors of acetic acid into con- 
tact with scorching barium carbonate 
(BaCO;) or pumice stone: 


2CH4COOH 
BaCO; 
—— CH;COCH; + H;O + CO: 


or by the decomposition of calcium ace- 
tate (calcium pyrolignite) : 


(CH;COO);Ca- CH4COCH; + CaCO;. 


The commercial importance of acetic 
acid, however, lies primarily in its use as 
an acetylation agent of cellulose (to- 
gether with acetaldehyde). Acetates of 
cellulose are used to prepare plastic sub- 
stances similar to celluloid (cellite, cel- 
lon, acetate paints, plastic materials), for 
the production of film, and for the pro- 
duction of artificial silk (acetate silk). 
Acetylcelluloses are far less flammable 
than nitrocelluloses. They can, therefore, 
be used more frequently because no spe- 
cial precautions are required. The use of 
acetic acid in dyeing and fabric printing 
depends on the specific properties of 
some of its salts. The acetates of trivalent 
metals, which can be represented by the 
formula 


CH,COO. 
CH,COO— M 


CH,CO0 ^ 
(where M represents iron, aluminum, or 
chromium), are soluble in water. When 
hydrolyzed at high temperatures, how- 
ever, they are converted into insoluble 
basic salts: 


CH;COO CH;COO 
N N 
CH3COO — AI HO-—AI 
Ta Z 
HO HO 


The formation of these salts is of great 
importance in the mordanting of textile 
fibers. This operation, which is prelimi- 
nary to dyeing, fixes the dye firmly to the 
fiber. The cloth to be mordanted is wetted 
with a solution of aluminum or chromium 
acetate, allowed to dry, and then treated 
with steam. This converts the acetates 
into insoluble basic salts or into hydrox- 
ides. These remain mechanically fixed to 
the fibers. Together with appropriate 
dyes, they then give rise to insoluble 


colored substances. Colors produced by 
mordanting can gener be distin- 
guished by their brilliant tones, 

Lead acetates are usc ı the produc- 
tion of paints. Neutral | icetate, often 
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tate, while Illustration 6b shows perlon fibers 
under polarized light. Illustration 6c, 6d, and 


found desirable to conduct a hydrogena 
tion ín the presence of a suitable solvent 
particularly in the case of high-melting 
solids and compounds that react. vigor 


ously with hydrogen. 


6e, all taken under polarized light, show other 
types of synthetic fibers, 
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PHENOLS 


Phenol, C;H;OH, one of the most im- 
portant compounds used in the chemical 
industry, was first isolated from coal tar 
in 1834. Phenol is known also as carbolic 
acid because of its acid properties, which 
distinguish it from alcohols. A powerful 
disinfectant, phenol was used by Joseph 
Lister in the first antiseptic surgery, per- 
formed in 1865. In 1841 phenol was 
isolated in crystalline form and its 
composition was analyzed. It was then 
termed “phenylic acid,” later shortened 
to phenol In 1867 phenol was syn- 
thesized, and by the mid-twentieth cen- 
tury about 90 percent of its production 
was by synthesis. 

The term "phenol" is used today to 
describe any hydroxylated compound in 
which at least one —OH (hydroxyl) 
group is directly attached to an aromatic 
group. If the hydroxyl appears in a side 
chain, the term “aromatic alcohol” (ben- 
zyl alcohol) is used: 


OH CHOH 
| | 
( O 
Vv AZ 
phenol benzyl alcohol 


Thus the term “phenol” is used to denote 
a whole family of compounds. 

Examination of its structural formula 
reveals that phenol has no chance of ex- 
hibiting isomerism because all the posi- 
tions of the ring are equivalent. When 
two hydroxyls are attached to the ring, 
three possibilities of isomers exist, de- 
pending on whether the second —OH 
group is in the ortho, meta, or para 
position: 


OH OH OH 
JOHN | 
CIT Ee 
WS VY 
OH | 
OH 
catechol resorcinol hydroquinone 


There are three triple-substituted deriva- 
tives (pyrogallol, phloroglucinol, and hy- 
droxyhydroquinone ), three tetrahydroxy- 
benzenes, one pentahydroxybenzene, and 
finally one hexahydroxybenzene, in which 
all the hydrogens in the ring have been 
replaced by the same number of —OH. 


dyes, medicines, plastics and 
perfumes from coal tar 
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PHENOL AND CATECHOL—Phenol (illustra- 
tion 1a) was originally called phenylic acid 
because of the acid properties that distinguish 


it from alcohols; the nam 
to phenol. Illustration 1t 


later changed 
3 the structure 


PROPERTIES 


Phenol is more acid than are alcohols, 
and this property differentiates it from 
them. The aromatic radical increases the 
acidity of the hydroxyl. In the case of 
alcohols, substitution of the hydrogen 
by metals such as sodium only hap- 
pens through the agency of the metal 
itself, as in the reaction CH3OH + Na 
> CH;ONa + 1/2H;, while the reaction 
CHOH + NaOH = CH;ONa+H.0 is 
impossible, since the equilibrium is fur- 
ther to the left than to the right, as the 
length of the arrow shows. This means 
that water is a stronger acid than methyl 
alcohol and can thus detach it from its 
salts, In the case of phenol, on the other 
hand, the equilibrium of the reaction 


[> OH +NaOH > 


E [>œ ONa + H,O 


is well over to the right, confirming that 
phenol is a stronger acid than water, 
since the latter cannot detach the former 
from its salts. 

Phenols superiority over alcohols in 
the matter of acidity is probably caused 
by resonance effect. The nondissociated 
molecule of phenol is in equilibrium 
with a small quantity of phenolated ions, 
which can take various isomeric forms 
depending on the movement of a pair of 
electrons away from the oxygen atom 


of catechol, 
toward the aromatic : 1: 
OH [:0:9 9 
| | 
a RA 
(j-i) S 
e 
Phenolated ions are ( because of 
the three resonance í is); this sta- 
bility allows H+ to m vay and dis- 
sociate: 
OH c 
| | 
MON ff 
xe H* 
YV 


Acidity is a relative word; the dissocia- 
tion constant of phenol (1.3: 10-!^) is 
much lower than that for acetic ac! 
(1.8 + 10-5), which itself is a very weak 
acid. But if phenol is replaced with NO; 
groups, which really attract electrons In 
the ortho, meta and para positions, the 
result is a much higher acidity, for rea- 
sons already mentioned, up to values 0 
around 10—!, as in the case of 2,4,6- 


trinitrophenol, or picric acid: 


ON | NO» 
d d 
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Phenol is obtained from coal tar; thus, 
the middle oil, which is the second frac- 
tion obtained in distillation (170°-230° 
C) (338°_446° F), contains mainly naph- 
thalene and phenols. Since naphthalene 
crystallizes easily, separation is a simple 
matter, but phenols must be separated 
from the other elements by extraction 
with a solution of caustic soda. The re- 
sult is sodium phenoxide, which, if it is 
made to react with mineral acids, pro- 
duces phenol; the substance is then puri- 
fied, first by distillation and then by crys- 
tallization. 

Several factors, however, make the ex- 
traction of phenol from coal tar difficult. 
As a result, industrial synthesis is pre- 
ferred—so much so that it has virtually 
put the natural method out of business, 
especially in the United States. The nat- 
ural method involves time-consuming 
handling of the raw materials, particu- 
larly when the phenol content is low. In 
addition, the sulfur bases and foreign 
coloring compounds in phenol give it an 
unpleasant smell and color that are diffi- 
cult to eliminate. 

The industrial method makes more 
use of systems employing benzene as a 
starting point; phenol is produced either 
by direct oxidization or by substitution 
of other groups, such as SO;H, Cl: 


DIRECT OXIDIZATION 
OH 


AN LN 
ISO II 
NA VY 


Benzene is resistant to oxidization. Be- 
cause the oxidization reaction producing 
phenol gives relatively low yields, high 
temperatures and a high oxygen pres- 
sure are necessary to attack benzene. 
Once the phenol has been formed in the 
reaction mixture, it can be oxidized easily 
to produce multiple-substituted deriva- 
tives. If the process is taken too far, how- 
ever, the ring is destroyed. This limits the 
use of the direct oxidization method and 
makes indirect methods preferable. 


BENZENE SULFONATION 
AND HYDROLYSIS 


The benzene is first sulfonated with con- 
centrated HSO, and then separated as 


a sodium salt from the reaction mixture: 
SO;H 


| 
ZN VAN 
| | HS0, >f |] mo 
WV VY 


The sodium benzenesulfonate is then 
fused with NaOH at 300° C (572° F) 


SO;Na ONa 
| | 


AN 
| || + NaOH > C NaHSO, 
Vv YY 


Mineral acids are used to neutralize 


the sodium phenate and thus liberate the 
phenol: 


We OH 
| 


AN TAN 

|. || + HSO. 

V 290, — Jt NaHSO, 
BENZENE CHLORINATION 


The Dow process, as this method is 
called, is based on the hydrolysis of chlo- 
tobenzene with a solution of caustic soda 
at 300-350° C (572°-662° F) and 3,000 
Ib/in2 

The difficulty with this substitution re- 
action and therefore with the industrial 
application of the method, is the rela- 
tively strong bond between the substit- 
uents and the benzene ring: 


| || + 2 NaoH > 


ie 


AN 
7| || + NaCl + H;O 
VY 
A variation of this method is the re- 


Senerative or Raschig process, which is 
used to produce chlorobenzene: 


A Cu 
+ HCl + 0 Sag 
A catalyst 
Ni 
4 
= 0 
NN 
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PHENOL-PROCESSING PLANT—One recently 
developed method for manufacturing phenol 
industrially uses cumene, which is obtained 
from benzene, as its starting point. Final prod- 
ucts are acetone and phenol. Phenol is sep- 
arated from the acetone by fractional distilla- 
tion. The structures on the right are the 
phenol-acetone fractionating towers. 


The chlorobenzene is hydrolyzed with 


water vapor in the presence of a catalyst 
(SiO2): 


Cl OH 

| | 
(mmo a 
WY catalyst WY 


This method allows maximum econ- 
omy; the hydrochloric acid produced in 


the second reaction is used later to chlo- 
rinate more benzene, as is shown in the 
diagram illustrating the first stage 9 
the process. 


CUMENE PROCESS 


This recently developed process 15 fast 
becoming the main source of e 
isopropylbenzene, or cumene, is ox! ps 
with atmospheric oxygen, it forms e 
droperoxide which, when decomp 


with water ar ds, turns into phenol 


and acetone: 
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Ha 
USES OF P! L 
Phenol is co ed with formaldehyde 
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is also used he synthesis of picric 
acid, the 2,4 itrophenol 
OH 
| 
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3 Y 
NO: 


that is used in large quantities as an am- 
monium salt in the manufacture of ex- 
plosives. 

A Because of its irritating action, phenol 
is no longer used as a disinfectant, but 
it is still used as a standard in evaluating 
other disinfectants and as a synthetic in- 
termediate in the manufacture of sali- 
Cylic acid, which has high antiseptic 
pees Salicylic acid is used to pro- 
uce acetylsalicylic acid (aspirin) 


OCOCH; 
| 

ir COOH, 

Vv 


"m is antipyretic and analgesic. 

7s henol derivatives of particular impor- 

kon ode the methyl-substituted cre- 
+ The three isomeric compounds 


i OH 
| | 
Qn A (3 
N/ N 
Ch; | 
CH; 


are found in the middle oils of coal tar 
and, when used industrially, are not usu- 
ally separated from each other. Because 
their disinfectant power is higher than 
that of phenol, these isomeric compounds 
are often incorporated into soaps. The 
antiseptic properties of one such com- 
pound, creosote, make it useful in pre- 
venting deterioration of railway ties un- 
der the attack of organisms. 

Of the dioxyphenols, the most impor- 
tant is hydroquinone 


OH 
| 


y 
| 
OH 


Easily oxidizable, hydroquinone is con- 
verted to benzoquinone or quinone: 


T aaa OS 
{ > | + He 
VY VY 


| I 
OH O 


Quinones are compounds, ranging 
from yellow to red, that have lost their 
aromatic character but are highly unsat- 
urated. The vivid colors in the tissues 
and organs of many molds, fungi, and 
other plants are due to the quinone com- 
pounds they contain. Hydroquinone is 
widely used as a photographic developer 
because of its properties as a high-speed 
reducing agent at room temperature. 

Finally, many phenol derivatives are 
found in nature. Eugenol and isoeugenol, 


OH sia 

| 
(3 —OCHs A —OCH; 
YY y 

| 

CH,—CH=CH2 CH-CH-CH; 


for example, are the essential oils of car- 
nations and of nutmeg. 


RESORCINOL—This compound, also called 
resorcin, is very reactive because of its two 
hydroxyls. 


PICRIC ACID—Easily synthesized from phe- 
nol, picric acid is used in the manufacture 
of explosives. 

EE 
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PICRIC ACID CRYSTALS—One of the char- 
acteristic features of picric acid is the man- 
ner in which it forms bright-yellow needle- 


shaped crystals. 
Oe 


THE STEROIDS 


The steroids help control the body’s utili- 
zation of water and minerals. Male and 
female sex hormones, cortisone, several 
forms of vitamin D, digitalis, and choles- 
terol are some well-known steroids. Me- 
dicinal uses of steroids include the treat- 
ment of arthritis and skin ailments as well 
as inhibiting immune response to foreign 
substances; it is thought that some 
steroids can inhibit cancer. 


CHOLESTANE AND COPROSTAN—Molecular 
models of these hydrocarbons have the typical 
Steroid structure, except for the fused cyclo- 
hexane rings. In cholestane (Illustration 1a), 
methyl and hydrogen at the fusion are on op- 
posite sides of the molecule (trans-position), 
while in coprostan (Illustration 1b) the methyl 
and hydrogen are both on the same side (cis- 
position). 


$$$ 
Steroids differ from one another only 
in the structure of their side chains and 
rings. All have the same basic molecular 
ring structure, called the cyclopenteno- 
phenanthrene system. Steroids contain es- 
sentially three nonaromatic rings with six 
carbon atoms, as well as one ring with 
five carbon atoms. The skeleton of the 
steroid molecule is; 


1 A [vB je 
eh 


Selenium treatment provides a useful 
demonstration of this basic structure, giv- 
ing rise to the aromatic hydrocarbon 
methyl cyclopenteno-phenanthrene, or 
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Diels' hydrocarbon 


by eliminating also the substituent groups 
situated at the points where the rings are 
joined. 

Steroids are so important to many bod- 
ily functions that they have been studied 
in great detail. Although side chains and 
rings may differ, all steroids can be re- 
lated to two fundamental models of sat- 
urated hydrocarbons, cholestane and co- 
prostan: 
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HOLESTEROL—Animals 
sterol as needed. The 
ic acid, which is trans- 


formed, as isotopic analysis shows, into acetyl 
coenzyme A. The complete biosynthesis is 
shown in this illustration, with some terms 


omitted because this phase is barely known 
and not all intermediate compounds have been 
identified. 
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Steroid molecules contain several 


asymmetrical carbon atoms; the natural 
products are thus characterized by op- 
tical activity. Cholesterol has a specific 
optical activity of (a)p = —36^ (solvent 
is chloroform). Although the exact bio- 
logical function is not clearly understood, 
it is known that cholesterol forms cholic 
acid and steroidal hormones in the body. 

In recent years, cholesterol has been 
studied in connection with such circula- 
tory disturbances as hardening of the 


arteries. Abnormal accumulations of cho- 
lesterol are associated also with other 
pathological conditions. 

Commercial cholesterol (or lanolin) is 
obtained from the spinal marrow of cat- 
tle by means of solvent extraction. It is 
purified by transforming it into the dibro- 
mide, which can be crystallized using 
ethyl acetate. 

In addition to its dehydrogenation into 
methyl cyclopenteno-phenanthrene, cho- 
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lesterol also reacts to form chrysene: 


CO 
Ld X 2 
NZNZ 
chrysene 


and the corresponding saturated hydro- 
carbon, cholestane. 

Stigmasterol contains two carbon 
atoms and one more ring than cholesterol. 
It is obtained principally from soybean 
oil and is abundant in various vegetables. 


CH; 
CH; 
HG | A 
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Ergosterol is found in yeast together 
with its partial hydrogenation product, 
5,6-dihydroergosterol. It is a solid fat 
that fuses at 174° C (about 345° F), dis- 
plays an optical activity of (a) p =—20°, 
and contains three double bonds, two of 
which are conjugate: 


CH; 
^W CH 
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This sterol aroused great interest when 
researchers found it could be irradiated 
to form vitamin D. 


THE VITAMIN D GROUP 


Various chemists noted in the 1990s that 
some foods acquired antirickets proper- 
ties as a result of irradiation. It was later 
found that this was due to the formation 
of calciferol, or vitamin Ds, in the photo- 


chemical transformation of ergosterol 
from fats. The antirickets action of vita- 
min D» is probably due to its metabolic 
regulation of phosphates and calcium. It 
is a solid that fuses at 115 to 116*C 
(239 to 240.8? F) and has a specific op- 
tical activity of (@)p=+82°. 

Vitamin Də does not have the typical 
structure of steroids; one of the rings is 
open. The formation of vitamin D; from 
ergosterol under irradiation is a complex 
reaction that includes various intermedi- 
ate products: 
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Other vitamins, notably vitamins D, 


and Dy, also display the antirickets prop- 
erty. A natural product found in the liver, 
vitamin D; is obtained by exposing 7- 
dehydrocholesterol to ultraviolet rays. 
The initial product is a cholesterol with 
two less hydrogen atoms and lateral 
chains that differ from ergosterol, Vita- 


min D; fuses at 82 5°C (1798 to 
185° F), and its spe tational power 
amounts to +83° ( tone). Vitamin 
D, is the result of photochemical 
transformation of d ergosterol and 
its antirickets actio: rkedly weaker 
than that of vitam and Ds. The 
formula is: 
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vitamin D, 

Vitamin D, differ vitamin Ds in 
that the double bon: » lateral chain. 
has been eliminated 
BILE ACIDS 
The bile acids have : me ring struc- 
ture as coprostan and 5 ggest a relation- 

veriments with 


ship with cholesterol 
marked compounds show that cholic acid 
can be obtained from the cholesterol of 
foodstuffs: 
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cholic acid 


deoxycholic acid 
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In one process, potassium hydroxide is 
added to fresh ox bile. The mixture is 
o refluxed. Acidification of the alkaline 
er produces a solid mass, which is 
t en washed; the dried crude acid is 
mixed with methanol. The mother liquor 
Produces deoxycholic acid; the solid pro- 
duces cholic acid. 

Both components, and others of the 
n class, exist in the bile in combined 
orm as sodium salts (amides of glycine 
and taurine); 


H:N-CH,-COOH 


lycin 
H;N-CH,-CH;—SO;H e ING 


taurine 


e amide bond links the carboxyl group 
P the bile acid to the amine group of 
ese two compounds. By using R— 


by photochemical reaction. They are shown 
under a microscope in polarized light. On ir- 


COOH as cholic acid, these compounds 
result: 


N 
NH COOH 
glycocholic acid 


Pe 
S. d CH: SO;H 
NO ee 7. 
NH CH: 


taurocholic acid 


The free bile acids are obtained by 
alkaline hydrolysis of the peptide bonds. 
In the body, bile acids emulsify fats and 


radiation with ultraviolet light, ergosterol is 
converted to vitamin Do. 


assist digestion by certain enzymes. More- 
over, bile acids form insoluble substances 
(high acid fats) that are more easily di- 
gested in the colloidal state. Choleic acid 
is one of these substances obtained by 
combining deoxycholic and palmitic 
acids. In conditions such as obstructive 
jaundice when sufficient amounts of bile 
do not reach the intestine, absorption of 
lipids is impaired. 

The bile acids are obtained commer- 
cially from cattle bile. Deoxycholic acid 
is an important raw material for one in- 
dustrial process for the production of 
cortisol and other related anti-inflamma- 
tory steroids. Cholic acid, the most abun- 
dant bile acid, occurring chiefly as the 
glycocholate bile salt, can be transformed 
into deoxycholic acid. 
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BENZENE 


BENZENE—The colorless liquid in this beaker 
is benzene. It has a characteristic but not un- 
pleasant odor. Its vapors, however, are ex- 
tremely poisonous and, if inhaled continuously, 


Organic compounds are so numerous and 
their characteristics so different that 
chemists have always found it useful to 
divide them into groups. One of these 
distinctioris-a particularly helpful one— 
separates aliphatic and aromatic com- 
pounds. This distinction was first intro- 
duced about one hundred years ago. The 
meaning of these terms was originally as 
follows. Certain compounds of the meth- 
ane series—paraffins with a high number 
of carbon atoms, for example—resemble 
fats and are used as lubricating agents. 
Moreover, even the true fats—that is, the 
esters of glycerine and fatty acids—are 
structurally related to methane, The term 
aliphatic (from the Greek dlefair, mean- 
ing "oil") came to refer to the derivatives 
of methane in general. Little by little, 
however, the term encompassed a grow- 
ing number of substances in which hy- 
drogen was present in relatively high 
proportions. 

Other hydrocarbons, those isolated 
from resins or from essences, have a 
unique odor. All of these compounds 
were, therefore, called aromatics, Today 
the name persists even though it has no 
special significance, 


Kekulé’s molecular dream 


will produce a profound and at times incurable 
Condition known as aplastic anemia. The va- 
Pors affect the production of white and red 
blood corpuscles. 


The German chemist Friedrich August 
Kekulé von Stradonitz was the first to 
recognize that all aromatic compounds 
had at least six carbon atoms, and that 
their properties probably depended on a 
basic six-carbon-atom structural unit. The 
simplest aromatic compound is benzene, 
a hydrocarbon with six carbon atoms. 
Benzene was soon recognized as the 
fundamental aromatic hydrocarbon. Be- 
cause it was regarded as being typical of 
aromatic substances, aromatic hydrocar- 
bons were defined as compounds that 
have chemical properties similar to those 
of benzene. 

Benzene, C.H, is a colorless, limpid 
liquid with a characteristic odor. It boils 
at about 80? C (about 176° F) and solid- 
ifies at 5.5°C (about 42° F). At 25°C 
(77° F) its density is 0.874 and its refrac- 
tive index 1.498. It is slightly soluble in 
water, more soluble in alcohol, com- 
pletely miscible with ether, acetic acid, 
and carbon disulfide, and an excellent 
Solvent for many substances. Benzene 
was isolated for the first time by the En- 
glish physicist and chemist Michael Far- 
aday in 1825. The structural formula of 
the molecule, however, remained com- 
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As Kekulé himself the idea came 
to him in rather a c sus manner. At 
the time that he was king intensely 


to resolve this problem, he happened to 
fall asleep in front of the fireplace after 
a very tiring day in the laboratory. He 
began to dream, and as he wrote ue 
“the atoms began to dance in front ol 
my eyes, and the eyes of my mind suc- 
ceeded in discerning structures of various 
conformations. Long strings of atoms, 4 
times closely interconnected, twisted E 
wriggled like serpents. And then, T 
suddenly, one of the serpents got hol r 
its own tail, forming a figure that din 
mockingly in front of my eyes. I awo i 
as if I had been struck by lightning an 
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KEKULÉ'S DREAM — While working on T 
problem of the structural formula of pe 
Kekulé fell asleep in front of the firep! f ‘dite 
a dream he saw the structures of ma s 
ferent molecules perform a dance s Sud: 
eyes, twisting and wriggling like n ind own 
denly one of these serpents got hold o Ber 
tail and formed a ring structure. Une 2d 
tures such as those shown in Muster 

and 2b were subsequently discern wad 
hexagonal ring structure (Illustration aan 
then adopted and confirmed by exper! 


142 


spent the rest of the night working on the 
consequences of this hypothesis. . . One 
has to learn to dream." 

Kekulé thus suggested that the struc- 
ture of the benzene molecule might be a 
hexagonal ring in which the atoms of 
carbon are linked by an alternate succes- 
sion of double and simgle bonds. This 
hypothesis is confirmed by systematic 
study of the substitution compounds of 
benzene; that is, of the compounds pro- 
duced by substituting different atoms or 
groups of atoms for one or more hydro- 
gen atoms. For example, there is only one 
methyl benzene (or toluene), C4H;CH;, 
and only one bromobenzene, C,H;Br. No 
one has ever succeeded in isolating iso- 
mers of these compounds. If each product 
of a monosubstitution is unique, there- 
fore, the inevitable conclusion is that the 
six hydrogen atoms of the benzene mole- 
cule are equivalent; that is, that they are 
arranged in a symmetrical pattern within 
the molecule. Three isomers are pro- 
duced if a second substitution is accom- 
plished. This constitutes yet another con- 
firmation ofthe hexagonal form. 

At this point, however, Ladenburg 
(who was then working on a different 
hypothesis) pointed out that the struc- 
tural formula proposed by Kekulé did 
not resolve all the problems of the struc- 
ture of benzene. In Kekulés formula all 
of the identical atoms are structurally 
equivalent, but this is not the case with 
regard to the bonds between the carbon 
atoms. These bonds in the model consist 
of alternating single and double bonds, 

although experimental results show that 


EQUILIBRIUM — According to Kekulé, the 
bonds in the benzene molecule resonate dy- 
namically from one isomeric form to the other, 


the bonds, like the atoms, must be per- 
fectly equivalent, For example, consider 
dibromobenzene with the two bromine 
atoms ortho to one another; that is, 
bonded to two adjacent carbon atoms. 
This compound should exist in the two 
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EN j| equilib- 
thereby creating a kind of statistical pan 
rium (Illustration 5). Such equilibrium ane 
extended to all of the derivatives of be! 


forms shown in Illustration 4d and E 
These two isomers, however, have d 
been observed. Kekulé thus alien 
original hypothesis. He admitted d 
molecules such as those in Ilustratior 
4d and 4e were different, but went ° 


STABILITY resonating 


double bo: more stable than another 
molecule in ^: the double bonds are not in 
resonance. > three compounds shown— 
cyclohexane nzene y, and cyclohexadiene 
z—cyclohe : the most stable because it 
to say tha y could nevertheless co- 
exist beca they were in a state of 
equilibriurn) “his means that the bonds 
in an indi: | molecule are sometimes 
as in Illust n 4d and sometimes as in 
Illustratio: vith the molecule chang- 
ing dynan v from one form to the 
other quit: lly. In a sample of dibro- 
mobenzen \istically there should be 
50 percent cules of one type and 50 
percent n iles of the other type at 
any given nt, 

Even if ss of molecules made up 
of only o the isomers were to be 
separated impossible task), the sta- 
tistical eq ium would be re-estab- 
lished very dly. This condition would 
prevent efi e isolation of the two iso- 
mers. This :. » of equilibrium must be 
extended to ..'| of the derivatives of ben- 
zene (Illusi:tion 5). 

It was no: long before there were new 
criticisms of this simple description of the 
structure of benzene. Formulas such as 
those shown in Illustrations 5f and 5g 


should be more reactive than benzene 
actually is because of the double bonds. 
Kekulé's theory still did not explain this 
Additional stability of benzene. If ben- 
zene, for example, were a substance of 
the ethylene type, additional reactions 
to the unsaturated bonds, including such 
Teactions as 


ji H a 
HA EAS 
( | -8Ch- | 

) 2 a H 
E wr x wd 
ü cn 


Would take place. While such reactions 
E. Occur under suitable conditions, ben- 
ene lends itself more readily to substi- 
tution reactions that maintain the system 
of double bonds. For example, 


has no double bonds at all. Despite the larger 
number of double bonds in benzene, benzene 
is more stable than cyclohexadiene because 
its double bonds are in resonance, while those 
of cyclohexadiene are not. 


A A 
| | +Ch> | | +HCl. 
\4 vA 


These reactions are typical of saturated 
compounds such as the paraffins. 

In spite of this objection and others put 
forward later, Kekulé's structure was used 
by chemists until World War II when 
application of the quantum theory finally 
solved the problem by considering the 
carbon-to-carbon bonds not as a succes- 
sion of well-defined single and double 
bonds, but rather as a field of distribution 
of electrons. Benzene does not have the 
structures shown in Illustrations 5f and 
5g, but rather a structure that is best de- 
scribed as a hybrid of these two. In the 
hybrid structure the bonds are considered 
to be an intermediate state between the 
single and the double bond. This makes 
all of the carbon-to-carbon bonds equiva- 
lent and gives them a saturation and sta- 
bility that agree more closely with the 
properties of the molecule. This inter- 
mediate bond is called the resonance hy- 
brid of the bonds shown in Illustrations 
5f and 5g. In fact, the six carbon-to-car- 
bon bonds in benzene are thought to be 
continuously in the hybrid state, and 
never alternately single and double. 

The application of quantum mechanics 
has made possible a rigorous analysis of 
the phenomenon of resonance, although 
its existence had been intuitively sus- 
pected by organic chemists for some time 
previously. The theory of resonance is of 
the greatest importance in organic chem- 
istry because it comes into play when- 
ever a cyclic system of conjugate double 
bonds exists between atoms arranged in 
a plane. Resonance makes such mole- 
cules more stable than would be ex- 
pected of a molecule with true double 
bonds. For example, consider the three 


compounds represented in Illustration 6. 

Both benzene y and cyclohexadiene z 
can be converted to cyclohexane x by 
treatment with hydrogen in the presence 
of a platinum catalyst. From the amount 
of heat liberated in each reaction, it can 
be determined that the three double 
bonds in benzene are more stable than 
three of the type of double bonds present 
in cyclohexadiene. This is because there 
is no resonance in cyclohexadiene; the 
succession of conjugated double bonds is 
interrupted and does not extend through- 
out the ring. 

Kekulé's formula suggests that the ben- 
zene molecule is hexagonal with sides of 
different lengths. The distance between 
two carbon atoms united by a single bond 
(1.54 A) is greater than the distance be- 
tween two carbon atoms united by a 
double bond (1.33 À). According to res- 
onance theory, however, the molecule 
should be a regular hexagon. X-ray dif- 
fraction studies have shown that the six 
bonds are equivalent and have a length 
of L40 A, thus confirming that these 
bonds are intermediate between single 
and double bonds. 

There has been no single and univer- 
sally accepted way of representing the 
benzene ring in the chemical literature. 
A simple hexagon has been used for a 
long time. A diagram of the Kekulé struc- 
ture has also been used (but always with 
the mental reservation that these dia- 
grams are only approximations). Today 
there is a tendency to indicate the aro- 
matic character of benzene and other 
cyclic molecules by means of a circle 
drawn inside the hexagon, This symbol- 
izes the hybrid character of the bonds. 


————— 
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THE ELECTRON CLOUD—The carbon atoms 
of the benzene molecule are all in the same 
plane. This illustration shows the benzene 
ring with its electron cloud. To be precise, 
there are two electron clouds, one below and 
one above the carbon-atom ring. These clouds 
consist of electrons not involved in the carbon- 
to-carbon bonds. This structure has been con- 
firmed by means of x-ray diffraction studies. 
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ETHYLENE AND 


ACETYLENE | 


two important 
industrial raw materials 


la 


ETHYLENE—This model of the ethylene mole- 
cule (Illustration 1a) shows the double bond 
formed by two pairs of electrons shared by 
the two carbon atoms. The bonds between 
the carbon atoms and the hydrogen atoms, 


lb 


on the other hand, are single covalent bonds. 
The molecular model shown in Illustration 1b 
is a more accurate representation of the spa- 
tial arrangement of the atoms in ethylene. 
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The bond between tl rbon atoms 
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has a total 


the two carbon atom: 
pairs. Since the carlx 


of four valence elec! ich. carbon 
atom in the ethylene e can bond 
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cause only two of its : electrons 
are still free, Three pairs are 
shared in the triple | ach of the 
carbon atoms in ace can, there- 
fore, bond to only on er atom, In 


ene, the ad- 
It is obvious 
veen the two 


this example, as with 
ditional atom is hydro; 
that the relationship be 
carbon atoms differs in the three types 
of bonds. In fact, the bond distances, 
that is, the distances between the two 
carbon nuclei, are different. They are 
1.54 A (Angstroms) for the single bond 
(1 A — 10-5 cm), 1.33 A for the double 
bond, and 1.20 À for the triple bond. 
The distance between the carbon nu 
clei thus decreases as the number of bond 
electrons increases. If only single bonds 
exist ín a compound (as in ethane), each 
carbon atom will be bonded to four other 
atoms. Under these conditions the com- 
pound is said to be saturated. Ethylene 
acetylene, and their derivatives, on the 
other hand, are said to be unsaturate! 
because one or more of their carbon va- 
lence electrons appear to be unused. In 


imple, each carbon atom 


ethylene, fc 
ily three other atoms, al- 


is bonded t 


though it re its tetravalent character. 
A fund: il characteristic of un- 
saturated « inds is their pronounced 
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/ 
H [e]! 
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H H 
N y 
H-< H + H-H- C=C 
AE 
H H 
acetyl hydrogen ethylene 
Ethyler colorless and combustible 
gas. Some wal gases found in America 
contain up to 20 percent ethylene; the 


quantity found in European natural gases, 
however, is always much lower. As is the 
case with almost all hydrocarbons, the 
Most important source of ethylene is 
crude petroleum. The gas is produced 
by processes that split the more complex 
compounds into simpler molecules. The 
simplest laboratory method for preparing 
ethylene is the dehydration of ethyl alco- 
hol by means of concentrated sulfuric 
acid, 

During the First World War ethylene 
Was used to prepare a powerful chemi- 
cal weapon known as mustard gas. It was 
Called mustard gas because the crude 
Product in high concentrations has a 
Smell similar to that of mustard. The gas 
has powerful blister-producing proper- 
ties. It was used for the first time in July 
1917, at Ypres in Flanders. 

: Ethylene is used in the artificial ripen- 
ing of fruit and, mixed with oxygen, as 


ACRYLIC RESIN—The reflectors of the rear 
lights of automobiles are made from a polymer 
that is derived from ethylene. 


an anesthetic. Its enormous industrial im- 
portance, however, stems from the fact 
that it is the starting material for a large 
number of products, particularly plastics. 
Among these important plastics are the 


vinyl resins, particularly polyvinyl chlo- 
ride (PVC), which is widely used in 
building (dadoes, wall linings, window 
blinds), in upholstery work in railway 
carriages and automobiles, in clothing 
(raincoats), in electrotechnology (insu- 
lating materials), and in the packing in- 
dustry. Acrylic resins are widely used 
for automobile stoplight reflectors, and 
acrylic fibers are used in the clothing 
industry in the form of synthetic fibers 
marketed under various proprietary 
names. 

Another ethylene derivative is ethylene 
glycol, an interesting, colorless, and prac- 
tically odorless liquid compound. Ethyl- 
ene glycol is the major ingredient of al- 
most all automobile antifreeze mixtures. 
The automobile industry is indebted to 


3a 


ACETYLENE—The carbon atoms in the acet- 
ylene molecule share three electron pairs, 
thus forming a triple bond (Illustration 3a). 
The remaining valence electron of each car- 
bon atom forms a single covalent bond with 


3b 


a hydrogen atom. The model shown in Illus- 
tration 3b better represents the spatial ar- 
rangement of the atoms in the molecule. 
Acetylene is a linear molecule—all of the 
atoms are found on the same straight line. 
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A SPELEOLOGIST'S HELMET — The flame 
burning at the front of the helmet is fueled 
by a small acetylene generator. The cylinder 
of this generator contains calcium carbide at 
the bottom and water in the upper part. Drops 
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ethylene for another widely used product 
—tetraethyl lead. This compound is one 
of the most widely used antiknock addi- 
tives for gasoline, although it is now un- 
der attack as a polluter of the atmo- 
sphere. Finally, polyethylene, a polymer 
of ethylene, has assumed tremendous in- 
dustrial importance during the last dec- 
ade. Initial applications of polyethylene 
were based on its exceptional insulating 
properties, It is thus widely used in elec- 
trical circuits. In fact, the availability of 
polyethylene played an important part 
in the construction of the first radar in- 
stallations, Polyethylene's resistance to 
corrosive inorganic chemicals makes it an 
ideal material for pipes and conduits in 
chemical plants. In some countries poly- 
ethylene pipes have even been used on a 
large scale for water mains. 

Acetylene is also a colorless gas. In the 
pure state it is practically odorless, Com- 
mercial acetylene, however, generally has 
an unpleasant odor as a result of con- 
tamination by phosphine and hydrogen 
sulfide. Acetylene burns with a highly 
luminous flame. The flame is also quite 
smoky, probably because the hydrocar- 
bon is broken down into finely divided 
carbon particles that do not bum com- 
pletely. The classical method for pre- 
paring acetylene consists of reacting 
water with calcium carbide. The calcium 


of water are allowed to fall onto the calcium 
carbide by means of a screw-controlled valve, 
thus regulating the rate at which the acetylene 
is produced. 


THE OXYACETYLENE TORCH—This torch is 
supplied by separate streams of oxygen and 
acetylene, and produces a very hot flame that 
can easily exceed 3,000? C (5,432° F). Hence 
it is used for cutting and welding metals. 
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AN ETHYLENE POLYM s organic sub- 
stance, seen here in ie state, is a 
polymer derived from et It has a large 
number of practical 

carbide into which could be 


dropped through a \ 
Although acetylene 
is quite explosive in ti 
thus would be difficu 
ders. This problem ! 
storing the acetylene : oderate pres- 
sure (12 atmospheres ) cylinders con- 
taining porous masses of asbestos soaked 
in acetone. Acetylene is highly soluble 
in acetone (1 liter of acetone will dissolve 
up to 300 liters of acetylene ). Large quan- 
tities can, therefore, be stored in a com- 
aratively small space. / 
T Oran otene torches with their cylin- 
ders of oxygen and acetylene are used in 
almost every mechanical workshop. The 
flame produced by this type of torch can 
exceed 3,000°C (5,432? F), and so i$ 
used for cutting and welding metals. 1 
Acetylene, like ethylene, is the starting 
material for the manufacture of a large 
number of useful products. These include 
ethyl alcohol, acetone, and acetic acló, 
as well as synthetic fibers and rubber. 
Ethylene and acetylene are thus 0 
great importance because they are ge 
cal compounds with double and trip 
bonds. 


ies readily, it 
uid state, and 
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SYNTHETIC CARPETS—Synthetic fibers are 
firmly entrenched in modern life. They are 
soft, strong, and warm, and lend themselves 


to a wide variety of uses. 
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IHE PARAFFINS 


Because of their low reactivity—that is, 
because they show little tendency to re- 
act chemically when they contact other 
substances—saturated hydrocarbons de- 
serve the name of paraffins. This term is 
derived from the Latin parum affinis, 
meaning "slightly kindred." The term 
"saturated" means that all the carbon 
valences in a molecule are saturated with 
hydrogen atoms, thus reaching a high 
ratio of hydrogen to carbon atoms. Paraf- 
fin hydrocarbons, which are also called 
alkanes, are characterized by single bonds 
between adjacent carbon atoms. Single 
bonds consist of a single electron pair. 

An extraordinarily high number of sat- 
urated hydrocarbons exist because the 
carbon atoms link up to form chains. No 
maximum has been established for the 
number of carbon atoms that may link up 
to form a chain. Molecules with 70 di- 
rectly linked carbon atoms have been syn- 
thesized; there is no reason to believe that 
even longer chains would not be stable. 
The carbon atoms in paraffins link up by 
sharing a pair of bonding electrons. Those 
carbon atoms not involved in forming the 
carbon chain, however, are saturated with 
hydrogen atoms. 

A typical paraffin, by definition, con- 
sists of a molecular chain containing n 
carbon atoms, each of which is bonded 
to two hydrogen atoms, with the excep- 
tion of the initial and terminal carbon 
atoms, which are bonded to an additional 
hydrogen atom. Such molecules are de- 
scribed by the general formula C,H», , s. 
That is, for every carbon atom the num- 
ber of hydrogen atoms equals two times 
the number of carbon atoms plus two. 
The carbon chain of a paraffin molecule 
can be represented in space by a zigzag 
line. This orientation in space is a logical 
consequence of the fact that carbon atoms 
in paraffin molecules form bonds that 
point toward the vertices of a tetrahe- 
dron. Such bonds form an angle of 
109° 28’ with each other. Moreover, the 
average distance between carbon atoms 
in paraffin molecules is 1.4 Angstroms 
(10-5 cm 2 14). 

The simplest compound of the paraffin 
series is methane (CH,); all other paraf- 
fin molecules are homologs. Such a homol- 
ogous series is made up of compounds 
of the same type, all of which agree in 
composition to a general formula. In the 
paraffin series each compound differs 
from the preceding one by a —CH, group. 


la 


ETHANE—The molecule of this hydrocarbon 
(Illustration 1a) contains two carbon atoms 
(black) and six hydrogen atoms (white) joined 
by single bonds. The model shown in Illustra- 


saturated hydrocarbons 


tion 1b provides a better idea of the mol 
structure. In this model the relative sizes 0! ^" 
atoms are shown more correctly. 


ISOMERISM — 
have the same nur: 
atoms, that is, the 
They differ, how 
bon atoms are a 


1pounds shown here 
! carbon and hydrogen 
basic formula: CsHi2- 
ihe way that the car- 
d differently in space. 


Note the linear chain in Illustration 2a and the 
branched chain in Illustration 2b. Linear chain 
molecules are said to be normal (the illustra- 
tion shows normal pentane, n-pentane). The 
branched chain in Illustration 2b is called iso- 


pentane because of the presence of the group 


ods 
—enls . Molecules containing this group 
CH 


have the prefix iso-. 
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PARAFFIN — This substance 


is commonly 
known as paraffin. It is a mixture of solid high 
molecular weight hydrocarbons in the form 
of large linear chain molecules. Paraffin is ob- 
tained by the distillation of petroleum. 


The first four compounds of the paraffin 
series are methane (CH, ), ethane (C;H,), 
propane (CsHs), and butane (C,Hjo). 
Molecules higher in the series are named 
in terms of Greek and Latin prefixes de- 
rived from the number of carbon atoms 
in the molecule, plus the suffix -ane, 
which applies to saturated hydrocarbons 
in general. Examples are pentane (5 car- 
bon atoms: C5Hi2), hexane (6 carbon 
atoms: CsH,,4), and so forth. 


ISOMERISM 


Starting with the fourth paraffin mole- 
cule, butane (CHo), more than one 
molecular structure becomes possible for 
the same basic formula. These differing 
structures are called isomers, The num- 
ber of isomers increases noticeably as the 
number of carbon atoms in a molecule 
increases, Isomerism, which comes from 
the Greek isos meaning “equal,” and 
meros, meaning “part,” occurs when two 
or more compounds with the same basic 
formula differ because their atoms are 
arranged differently in space. The phe- 
nomenon of isomerism is based on the 
fact that the carbon atoms of a paraffin 
molecule may form branched as well as 
linear chains, 

A molecule consisting of a linear chain 
is said to be normal. For example, nor- 
mal pentane, abbreviated n-pentane, con- 
tains five carbon atoms linked together 
in a straight chain. In the case of paraf- 
fin hydrocarbons, the greater the number 
of carbon atoms, the greater the number 
of possible isomers. For example, there 
are 9 heptanes, 18 octanes, 35 nonanes, 
and so forth. 


PARAFFINS IN NATURE 


Saturated hydrocarbons are fairly wide- 
spread in nature. Methane and other par- 
affin molecules with only a few carbon 
atoms are found in naturally occurring 
gases. These gases are found particularly 
in petroleum-bearing strata, and occa- 
sionally in other deposits such as potas- 
sium salt mines. 

A typical fuel gas coming from deposits 
of this type contains about 85 percent 
methane, 9 percent ethane, 3 percent pro- 
pane, 1 percent butane, and the rest nitro- 
gen. Petroleum is another natural prod- 
uct containing saturated hydrocarbons. 
Petroleum from Pennsylvania is especially 
rich in paraffin molecules, It consists of 
a mixture of hydrocarbons whose carbon- 
atom number varies from 1 to 30 or 40. 
On the other hand, petroleum from the 
Caucasus region is rather lacking in these 
compounds. Mineral waxes such as ozoke- 
rite, however, consist primarily of a mix- 
ture of high molecular weight paraffins. 
Such compounds originate from petro- 
leum paraffins by means of polymeriza- 
tion; that is, by smaller molecules linking 
up to form high molecular weight com- 
pounds. These are found, for example, at 
Baryslaw in Galicia. Saturated hydro- 
carbons are also found in plant essences. 
Normal heptane, for example, is easily 
extracted from the turpentine found in 
two species of American pines—Pinus jef- 
freyi and Pinus sabiniani. Small percen- 
tages of other saturated hydrocarbons 
with high molecular weights are found 
in beeswax, particularly heptacosane 
(Cz;Hs;) and hentriacontane (C5iHa). 


PHYSICAL PROPERTIES 


The first four paraffins (methane CH,, 
ethane C;H;, propane C3H;, and butane 
C,H) are gaseous at room temperature. 
Butane boils at about 0° C (32° F). Pen- 
tane (C;H;5) to the Cie compound are 
liquids. The higher members of the series 
are solids. Both boiling point and melt- 
ing point increase as the number of car- 
bon atoms increases. The difference be- 
tween the boiling or melting points of 
two successive compounds decreases as 
molecular weight increases. An increase 
of one —CH, group, for example, repre- 
sents an increase of about one sixth of 
the molecular weight going from C; to 


Cs; the corresponding difference in boil- 
ing points is 33°C. In moving from Ci 
to Cio, however, the addition of one 
—CH, group represents an increase of 
about one nineteenth of the molecular 
weight; in this case the corresponding 
difference in boiling point is only 13C* 
(234 F^). 

This general rule applies to linear par- 
affin molecules. Branched paraffins, how- 
ever, generally boil at lower tempera- 
tures than linear paraffins with the same 
number of carbon atoms. In fact, with 
branching, the shape of the molecule 
tends to become somewhat spherical. As 
a result, surface area decreases and inter- 
molecular forces become weaker. These 
weaker forces break at lower tempera- 
tures, accounting for the lower boiling 
points. The specific gravity of paraffin 
compounds increases slowly with increas- 
ing molecular weight. Paraffins are ex- 
traordinarily difficult to dissolve in water, 
In common organic solvents, however, 
they are highly soluble. This solubility 
diminishes as weight increases. 


CHEMICAL PROPERTIES 


Paraffins were once thought to have an 
extremely low chemical reactivity. It is 
true that straight-chain paraffin mole- 
cules are resistant to attack by chemical 
reagents. Despite this low chemical re- 
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REFINING— Petroleum, which is nothing more 
or less than a mixture of hydrocarbons, s 
broken down and refined in reaction towers 
such as this. 
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activity, ht r, there are many ways 
of making fin hydrocarbons react. 
Those reac that do take place de- 
pend on ce: in structural peculiarities 


that appea: 


high temperatures or in 
the presen: 


Xt appropriate catalysts. 


For example, it has been observed that 
chlorine and bromine replace the hydro- 
Ben atoms in paraffins at ordinary tem- 


peratures and in the presence of ultra- 
violet light; this is a photochemical re- 
action. In the case of the chlorination of 
methane, the reaction may take place 
with explosive violence under certain 
conditions. This reaction leads to the for- 
mation of methyl chloride and higher 
substitution products: 


CH, + Cl, > CH;CI + HCl 
methyl chloride 


CH;Cl + Cl; > CHCl, + HCl 


dichloromethane 


CHCl, + Cl» CHC]; + HCl 


trichloromethane 
CHCI; + Cl, > CCl, + HCl 


tetrachloromethane 


Tetrachloromethane is also called carbon 
tetrachloride, 


attached to the second from the ri 

ight carbon 
atom of the seven-carbon-atom chain. The 
compound could as well be called isooctane; 
this name, however, is now used for a slightly 


A particularly important industrial re- 
action of paraffin hydrocarbons occurs 
when the vapor of a high molecular 
weight hydrocarbon is passed through a 
heated pipe at 500 to 700°C (932 to 
1,292? F). The reaction that takes place 
is thermal decomposition, or ^cracking." In 
this reaction the carbon-to-carbon bonds 
of large molecules are broken into two 
or more smaller molecular fragments. 
The net result is a variety of hydrocar- 
bons with fewer carbon atoms, together 
with gaseous hydrogen and pure carbon 
in the form of graphite. 

Despite the fact that cracking is a com- 
plex reaction and produces a variety of 
products, modem technology depends 
upon it to produce high-quality gasolines 
as well as gaseous fuels. Some of these 
gaseous fuels, propane and butane, for 
example, are easy to liquefy. They are 
stored in cylinders under pressure and 
used as domestic fuels. 

The reaction of hydrocarbons with 
oxygen at high temperatures is very im- 
portant. This total oxidation, or combus- 
tion, liberates large amounts of thermal 
energy, and is the basis of the use of gas- 


different hydrocarbon: 2,2,4-trimethyl pentane. 
This substance is an excellent gasoline, and is 
one of the standards for the concept of gas- 
oline octane rating. 


oline in internal combusion engines. 

The partial oxidation in air of petro- 
leum paraffins and of high boiling point 
mineral oils leads to mixtures of higher 
organic acids similar to those derived 
from fats. These acids are thus called 
fatty acids; they are used in soap manu- 
facture. Another very important indus- 
trial process is the production of nitro- 
paraffins. These compounds are obtained 
from saturated hydrocarbons by reaction 
in the vapor phase with nitric acid at 350 
to 500° C (662 to 932° F). 

Gaseous hydrocarbons are widespread 
in nature. Thus, their production by syn- 
thesis is usually of little industrial inter- 
est, When Germany was isolated from its 
natural sources of supply during World 
War II, however, synthetic gasoline was, 
in fact, produced by means of the Fischer- 
Tropsch process, which employs the re- 
action between carbon monoxide (CO) 
and hydrogen in the presence of special 
catalysts. The process is feasible because 
water gas (a mixture of CO and Hy) is 
easily obtained by passing water vapor 
over burning coal. The reaction is as 
follows: C + H:O > CO + Hs. 
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FUNCTIONAL GROUPS | 


One of the best ways to approach organic 
chemistry is through the study of func- 
tional groups, for the reason that most 
organic compounds fit into a rational 
system according to their reactions. It is 
logical, as well as convenient, to divide 
organic compounds into families with 
similar properties, just as the classifica- 
tion in Mendeleev's periodic system lists 
the elements in groups with analogous, 
or similar, properties. The chemical prop- 
erties of any given organic compound 
(its reaction toward given reagents) gen- 
erally depend on specific atoms, or 
groups of atoms, present in the molecule 
and not on the molecule as a whole. 

For example, a piece of potassium 
placed in a container of n-propyl alcohol 
will produce hydrogen: 


2CH,;—CH,—CH,—OH + 2K 
n-propyl alcohol 


> 2CH;—CH,—CH»—OK + Hs 
potassium n-propylate 


The entire molecule of propyl alcohol is 
not affected by the reaction, which in- 
volves substituting potassium for the hy- 
drogen atom of the hydroxyl. The carbon 


ORGANIC HALOGEN DERIVATIVES — These 
compounds have one or more halogen atoms 
in their molecules. A halogen atom can be in- 
troduced into an organic molecule by sub- 
stitution reaction (replacing a hydrogen atom 
or another functional group) or by unsaturated- 
bond addition reaction, A typical example of a 
Substitution reaction is the direct chlorination 
of methane. With this reaction four different 
chlorides are derived that differ only in the 


1 


and hydrogen atoms directly attached to 
them are not involved in this process. 

The alcohol 3-buten-2-ol is a com- 
pound in which four carbon atoms are 
arranged in a linear chain having a hy- 
droxyl attached to the second carbon 
atom and a double bond between the 
third and fourth atoms, If this unsat- 
urated alcohol were hydrogenated with 
finely divided palladium as the catalyst, 
the result would be: 


Ve ep ada 


OH 
Pa 3-buten-2-ol 
=x Goa aa 
He 
OH 
2-butanol 


This reaction involves only the saturation 
of the double bond. The hydroxyl -OH 
is left unchanged. If, on the other hand, 
the compound were treated with metallic 
potassium, the hydrogen of the hydroxyl 
group would be substituted but the 
double bond would remain intact. These 
two different reactions demonstrate that 


number of chlorine atoms they contain. These 
compounds are chloromethane or methyl 
chloride (when only one hydrogen atom is re- 
placed with chlorine), dichloromethane (with 
two chlorine atoms), trichloromethane or 
chloroform (with three chlorine atoms), and 
tetrachloromethane or carbon tetrachloride 
(with four chlorine atoms). In Illustration 1 the 
green balls are chlorine, the black balls car- 
bon, and the white balls hydrogen. 


poisons or coloranis 
depending on position 


the molecule of 3-buten-2-ol contains at 
least two reaction points: the double 
bond, in which the molecule reacts like 
an ordinary alkene, and the hydroxyl 
group, which reacts like an ordinary al- 
cohol. It is apparent, then, that this group 
belongs to two distinct classes of organic. 
compounds. 

In general, an organic molecule may 
be considered a combination of a rather 
nonreactive skeleton (which may be an 
aliphatic chain or an arornatic or hetero- 
cyclic ring) and a functional group— 
atoms or groups of atoms on which the 
properties of the molecule depend and. 
that determine the class of organic com- 
pounds to which it belongs. The func- 
tion —COOH, for example, is called the 
carboxyl group, and the compounds 
which contain it make up the class of 
carboxylic acids. No functional group 
can exist in the free state because it con- 
tains one or more nons: ated valences, 


that is, those that form the bond with the 
rest of the molecule. 

Different functional groups can coexist 
in the same molecule. ^: a general rule 


it can be said that if these functional 
groups are attached to points widely 
separated in the molecule, the properties | 
of the molecule itself are simply the sum 
of the various properties of the single 
groups. However, if the groups are close 
to each other, or are actually attached to 
the same carbon atom, special properties 
will emerge resulting from interference 
between the two functions: two hydrox- 
yls, for example, are generally unstable 
when joined to the same carbon atom. 


HALOGEN DERIVATIVES 


Organic halogen derivatives are com- 
pounds that contain one or more halogen 
atoms—fluorine, chlorine, bromine, am 

iodine. Fluorine derivatives have prop- 
erties that differ from other halogen de- 
rivatives. A halogen atom may be intro- 
duced into an organic molecule by 
substitution reaction. In this case, the 
halogen atom would take the place oF 
an atom or functional group already pres- 
ent. It could also be introduced by un- 
saturated-bond addition reaction. 


.ENE AND ETHYL CHLO- 


TRICHLOROE 


RIDE—One ^ most widely used solvents 
for fatty sub ses is trichloroethylene (on 
the left). If | od at length, its vapors are 
poisonous. E: chloride (on the right) has 
only one chic «e atom in its molecule; its 
chief use is local anesthetic because it 
causes temp: loss of sensitivity to pain 
when it evap S. 

One exan of a substitution reaction 
is the dire hlorination of methane. 
This can b rieved either by heating 
a mixture c orine and methane or by 
irradiating th ultraviolet light. The 
first step it reaction is the substitu- 
tion of a : ne atom for one of the 
methane's igen atoms: the second 
hydrogen : is substituted, then the 
third and 5i; the fourth: 

cl 
CL. d 
H-C--H — H-C-H 
—HCI , 
I 
methane methyl 
chloride 
cl cl 


Ch | ch 
x BHB-O-H a-d-H 


Lh 


methylene chloroform 
chloride 


carbon 
tetrachloride 


Methane can, therefore, produce four 
different chloride compounds, which dif- 
fer in the number of chlorine atoms pres- 
ent in the molecule. In organic com- 
Pounds an increase in the molecular 
weight in compounds belonging to the 


same family usually results in an increase 
in the boiling and melting points. Meth- 
ane is a representative example of this 
phenomenon because the chlorine atom 
which replaces the hydrogen atom is 
thirty-five times heavier. 

The first substitution produces chloro- 
methane, CH;Cl, also known as methyl 
chloride. At room temperature it is a gas, 
with a boiling point of 24°C (75.2* F). 
Dichloromethane, or methylene chloride, 
CH.Ch, is a liquid which boils at a little 
above room temperature; its boiling point 
is 40° C (104° F). 

The third substitution produces chloro- 
form, CHCl, a heavy colorless liquid 
having a characteristically sweetish smell 
and a boiling point of 61° C (141.8? F). 
Chloroform was once primarily used as 
an inhalant anesthetic, but is no longer 
acceptable for this purpose because of its 
harmful side effects. However, it is 
widely used as an efficient solvent for 
fats and other fairly complicated organic 
compounds. 

Carbon tetrachloride, or tetrachloro- 
methane, CCl, is also a heavy colorless 
liquid with a marked sweetish smell; its 
boiling point is 77° C (170.6° F). Non- 
flammable, carbon tetrachloride is espe- 
cially effective in fire extinguishers; it 
volatilizes easily and its heavy vapors 
suffocate flames by cutting off the oxygen 
supply. 

Carbon tetrachloride is a good solvent 
for fatty substances, and it is therefore 


NITROBENZENE—The molecules of organic 
nitro derivatives contain an NO, group—the 
nitro group—directly attached to a carbon 
atom. The simplest aromatic nitro derivative is 


3 


important in the manufacture of dry- 
cleaning products, Other chlorine deriv- 
atives are also used in dry-cleaning proc- 
esses, among which trichloroethylene 


al cl 
ces 
H^. ‘cl 


is the most widely used. This derivative 
must be used with great caution, for pro- 
longed inhalation of its vapors can be 
extremely dangerous. 

Ethyl chloride, CH;-CH,Cl, boils at 
13°C (55.4° F). A drop of ethyl chlo- 
ride deposited on the skin will evaporate 
immediately, but it also freezes the area 
with which it comes in contact, creating 
a temporary loss of sensitivity to pain. 
Because of this, ethyl chloride is often 
used as a local anesthetic in minor sur- 
gery. 

Aromatic halogen derivatives are com- 
pounds in which a halogen atom is di- 
rectly attached to a carbon atom that is 
part of an aromatic ring. These deriva- 
tives can only be produced by a substi- 
tution reaction. An addition reaction 
would cause the unsaturation of the 
aromatic ring to disappear because it 
would also involve the double bonds. 
They are stable, rather unreactive com- 
pounds in contrast to aliphatic halogen 
derivatives, which have high reactivity 
and are important in many organic 
syntheses. 


nitrobenzene. In Illustration 3 the orange ball 
is the nitrogen, the red balls the oxygen, the 
black balls the carbon, and the white balls the 
hydrogen. 
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TRINITROBENZENE — A 
triple-substituted derivative 
of benzene, trinitrobenzene 
is an explosive with a high 
disruptive power, higher in 
fact than  trinitrotoluene 
(TNT), though less used be- 
cause of manufacturing dif- 
ficulties. 


NITRO DERIVATIVES 


Organic nitro derivatives are compounds 
in which a nitro group 


ET oa 
+o 


is directly attached to a carbon atom. 
One of the aromatic nitro derivatives is 
nitrobenzene, C4H;—NO;: 
[0] o^ 
NZ 
N 


E 


~~ 


TRINITROTOLUENE—Another important triple- 
Substituted aromatic derivative is trinitrotolu- 
ene. Illustration 5a shows its Structure. 

This important explosive, commonly known 
as TNT, is manufactured by nitrating toluene 
With a mixture of sulfuric acid and nitric acid. 
The process is relatively easy and the yield is 
high (about 80 percent) because of the activat- 
ing action of the methyl group (—CH;). TNT 
is the explosive most widely used to fill gre- 
nades and bombs; it can be exploded either 
by shock or with a detonator such as a cap- 
sule of mercury fulminate or lead azide. When 
the detonator explodes, a powerful wave sets 
off the TNT. 

lllustration 5c Shows two men preparing a 
charge of TNT, and Illustration 5b an enor- 
mous explosion caused by TNT's high dis- 
ruptive power. 


which is formed by treating benzene 
with a mixture of concentrated nitric and 
sulfuric acids. Nitrobenzene is commer- 
cially important, particularly in the man- 
ufacture of aniline, which is a major 


compound: 
(Y Fe, HC! ^ 
| — 
XY heat VY 
| | 
NO; NH, + Cl- 
nitrobenzene line hydrochloride 
NaCO 7 
rt | 
Ny 
| 
NH 


aniline 


ANILINE—Th! mpound, which is of enor- 


mous import: in industry because of the 
wide range o* ucts based on it, is obtained 
by reducing venzene. Pure aniline is a 
colorless oil when exposed to the air it 


turns reddish 


PIGMENTS WITH NITRO DERIVATIVE BASES 
—Aromatic nitro derivatives can cause char- 
acteristic reactions important for production 
In the field of paints and lacquers. The photo- 
graph shows three different nitro derivatives 
characterized by their bright colors. 

— IIILL c6 


Nitrobenzene is often used in cheap per- 

fumes because of its delicate smell, some- 

what similar to that of bitter almonds. 
Trinitrotoluene, 


NO» 


better known as TNT, is a commonly 
used: explosive and is the chief reason 
for the industrial importance of toluene. 
During World War II, the normal source 
of toluene was coal tar, but it provided 
an insufficient supply. Industry had to 
tum to new methods for obtaining 
toluene from gasoline. 

Nitromethane, CH;—NOsz, is an exam- 
ple of a paraffin nitro derivative. Nitro 
derivatives can easily be reduced to 
amines: 

R—NO, + 3H; — R-NH; + 2H;0. 


Functional 
Group 


alkene 
alkyne 
alcohol 
ether 

halide —F, —Cl, -Br, -J 
nitro derivative ~NO: 


carboxyl acid —COOH 


This reaction is employed chiefly for 
aromatic amines, which are of primary 
importance in industry as basic ingredi- 
ents in colorants, drugs, and so forth. In- 
dustry favors these aromatic nitro deriv- 
atives because they are fairly easy to 
manufacture by reaction with a mixture 
of sulfuric and nitric acids. 
Nitroparaffins are classified as primary, 
secondary, or tertiary. Primary nitropar- 
affins have two ( or three) hydrogen atoms 
attached to the carbon holding the nitro 
group; for example, 1-nitropropane, nitro- 
methane, and nitroethane, CH,CH2NO;. 
Secondary nitroparaffins have but one 
hydrogen atom on the carbon holding the 
nitro group, for example, 2-nitropropane, 
while tertiary nitroparaffins have no hy- 
drogen atoms attached to the carbon hold- 
ing the nitro group, for example, 2-methyl- 
2-nitropropane. Tertiary nitroparaffins do 
not react with bases and, hence, they fail 
to exhibit many of the common reactions 
of primary and secondary nitroparaffins. 


GROUPS 


CLASSIFICATION OF ORGANIC COMPOUNDS ACCORDING 
TO THEIR FUNCTIONAL 


Example 


CH;-CH-CH; 
CH,-C*CH 
CH;-CH;-CH,-OH 
CH;-O-CH;-CH, 
CH,-CH;-Br 
CH;-CH;-NO; 


CH;-CH,;-COOH 


Formula 


propylene 
methylacetylene 
n-propanol 
methyl ethyl ether 
bromoethane 
nitroethane 
propionic acid 


propionaldehyde 


aldehyde 
ketone 


amine 


organometallic 


sulfonic acid 
nitrile 
ester 


amide 


CH,-CH;-CHO 
CH;-CO-CH;-CH. 
CH,-CH;-NH, 
CH;-CH;-CH;-CH;-Li 
CH;-CH;,-50.H 
Oo 
CH,-COOCHs 
CH;-CO-NH; 


methyl ethyl ketone 
ethylamine 

butyl lithium 
ethansulfonic acid 
benzonitrile 

methyl acetate 


acetamide 
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ORGANIC RE ACTIONS | addition mechanisms 


Numerous examples of organic reactions 
have been discussed in previous articles. 
The majority of these reactions are in- 
cluded in four fundamental types—addi- 
tion, substitution, elimination, and trans- 
position. 

Before considering these four types, 
however, it is desirable to recall how or- 
ganic reagents are classified. Polar re- 
agents, either organic or inorganic, are 
subdivided into two basic groups: elec- 
trophilic and nucleophilic. Electrophilic 
reagents tend to acquire electrons. Such 
reagents will preferentially attack carbon 
atoms that have a great amount of free 
electron density; their behavior resem- 
bles that of cations (positive ions). In a 
previous article various reactions were 
discussed involving aromatic nuclei that 
are attacked by electrophilic substances. 
1 


ADDITION TO THE DOUBLE BOND—The 
double bond, by virtue of its high electron 
density, is readily attacked by electrophilic 
reagents (halogens, acids, and oxidizing 
agents). This type of reaction finds use in 
analyzing for the presence of the double 
bond. Thus, iodine bromide is now an im- 
portant analytical reagent because it adds 
to a 7 bond even more easily than does bro- 


The most common electrophilic re- 
agents are: 


HNO;, H,SO,, HNOs, H+, BF;, 
AlCl, ZnCl, FeCls, Bro, Clo, 
> C=O, and CO;. 


Nucleophilic reagents, on the other 
hand, tend to give up electrons and will, 
therefore, attack sites on organic mole- 
cules that are electron-deficient; their be- 
havior resembles that of anions (negative 
ions). Typical nucleophilic reagents are: 


Cl-, Br-, HO-, RO-, 
RS-, CN-, R-C&C-, 
>O (ethers), >N (amines), >S 
(thioethers ) 
R—MgBr, R-M 
(where M represents an alkaline metal). 


A carbon atom susceptible to attack by 


mine; it also offers other advantages, includ- 
ing the fact that it can be titrated with thio- 
sulfate. In this respect it behaves like iodine, 
but is far more reactive. Illustration 1a shows 
a solution of iodine bromide in acetic acid 
with the solution nearing the titration end 
point with n-octene. 

In Illustration 1b this titration has been 
completed. Excess iodine bromide will be de- 


a nucleophilic reagent is the carbon 
atom of methyl bromide: 


H 
N ô+ ô- 

H-C-Br 
= 

H 


This atom is electron deficient because 
of the greater electronegativity of the 
halogen (Br). 

According to the Lewis acid-base the- 
ory, electrophilic substances such as alu- 
minum chloride (AlCl) are considered 
acids. Nucleophilic substances such as 
the tertiary amines (RN), on the other 
hand, are considered bases. 

Thus, the reaction mechanisms of po- 
lar reagents clearly indicate the impor- 
tance of electron distribution in organic 
reactions. In other cases, the reactive spe- 


composed by means of starch water and the 
liberated iodine will be titrated with thlosU 
fate. The moles of octene will then be 
tained by difference. lodine bromide Is Us x 
also to analyze the double bond in partie 
larly difficult cases; for example, when y 
degree of unsaturation of a polymer prior 
vulcanization is desired. 


cies behave ~ ‘ree radicals rather than 
negative 0! tive ions. In these cases 
electron di tion in the organic mole- 
cule is no : of paramount impor- 
tance. 

In gene: verefore, organic reactions 
will be de: d as electrophilic, nucleo- 
philic, or í ;dical in terms of whether 
the reacti: begun by an electrophilic, 
nucleophi! or free radical reagent. 
ADDITIC: 

The mos! ommon and important addi- 
tion react involve the double bonds 
>C=C< i >C=0. Addition to the 
double ! >C=C< 
H H 

N, 

C= +X-X 

x 

H H 


tf 
EU 


xX X 

can o or via either an electrophilic 
mech m or a free radical mechanism. 

Ado on reactions of the electrophilic 
type o ur more readily in polar solvents 
(wate: alcohol, and so forth), while free 
radicc! reactions take place more readily 
in no:.polar solvents, All reactions involv- 
ing froe radicals, moreover, are facilitated 
by the presence of free radicals and by 
the action of radiation, 

Many of the addition reactions previ- 
ously encountered are of the electro- 


philic type. 


THE MECHANISM OF ADDITION TO » BONDS 
—These four illustrations show schematically 
the mechanism of addition to the double bond. 
Illustration 2a shows the ethylene molo- 
cule’s v orbital. This is the point of attack 
for electrophilic reagents, as woll as for the 
approaching cation Br'. The result. (Iilustra- 
tion 2b) is formation of a complex compound 
from the bromine and the " orbital, This 

compound is known as the m complex. 
The approach of à negative lon (Illustration 
compound to break 


Br, iuto 2c) causes this complex 
m 
Br Br bromine. It is thought that the addition 
process takes place in the following steps: 
uso h ls 1. Interaction of the bromine with the 
m electrons of the double bond 
NEM H OSOH Ww 7/ soo 
"Ws 1 | rj | Deda 
HOCI | +Br-Br > ||—+ Br-Br 
dae ye : 
C OH AN VPN 
leading to the formation of a complex 
HO ||. that cannot be isolated, and in which 
T the Br, molecule is polarized with the 


k ba positive end facing the double bond. 
2. Breakage of the bond between the 
bromine atoms and formation of a pos- 


To illustrate the mechanism of electro- 
itive ion and a bromide ion 


philic additions, consider the case of 


up. This leads to the formation of a positive 
complex lon. 
The principal anions present in an aqueous 
solution will be hydroxide lons. The positive 
complex lon will, therefore, react with the 
hydroxide ions rather than with the rarer 
bromide lons Br. 
The presence of bromine, however, pre- 
vents addition of the hydroxy! in the cle posi- 
tion, The ultimate product will thus have the 
trans structure shown schematically in Mus- 
tration 2d. 


NA 
Cc 6, 5. C+ 
|—9Br-Br — | + Bro. 
c C-Br 

ZON y 


3. Attack of the bromide ion, preferen- 
tially trans to (on the sides opposite 
to) the originally formed carbon-bro- 
mine bond. 


WP d 
ct Br-C 

Br- +| — | 
C-Br C-Br 


The stereochemical development of 
halogen addition is obvious in the case 
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of acetylene compounds. In this case the 
reaction product contains a double bond; 
the result is the trans isomer. 


HOOC-C9C-COOH + Br, 


Br COOH 
HOOC Br 
An analogous mechanism is thought to 


be involved in other electrophilic addi- 
tion reactions. For example, 


HH 


c > 
l+H+ z— PH+ — | 
c C-H 


H H 


When the olefin is unsymmetrical, two orientations are possible 


+ 
CH4,-CH;-CH; 


Ht / 
CH,-CH=cH, —< 


" 
^: CH,-CH-CH, 


The second product is usually formed 
because of the greater tendency of the 
positive charge to become localized on 
secondary carbon atoms. This orientation 
is expressed by Markovnikov's rule: In 
addition reactions to unsymmetrical ole- 
fins, the more electronegative group 
tends to react with the most substituted 
of the unsaturated carbon atoms (in 
CH,CH=CH,, this is the carbon atom 
that carries the methyl group, —CH; ). 

The other possible addition reaction to 
the carbon-carbon double bond is the 
free radical type. A typical example is 
addition of a halogen acid to an unsym- 
metrical olefin, with the reaction taking 
place ín the presence of small quantities 
of organic peroxides (RO—OR’), Such 
peroxides are easily split into free rad- 
icals (RO* and R’O:), which are then 
capable of generating new free radicals 
from the reagents present. A rapid chain 
reaction results with the addition orien- 
tation opposite to that of the electrophilic 
addition discussed previously, 


RO: + HBr — ROH + Br 
CH,-CH-CH, + Br 
—* CH,-CH-CH;Br 

CH,—CH-CH,Br + HBr 

——~ CH,-CH;-CH,Br + Br 
The bromine free radical formed during 
the third step then attacks another pro- 
pylene molecule. The reason for the for- 
mation of CH,—CH;-CH;Br lies in the 
greater stability of the secondary radical 
CH,—-CH-CH,Br compared to the pri- 
mary radical 


ES -CH; 
Br 


Addition to the double bond >C=0 is 
of a polar character; unlike what happens 
in the case of the double bond >C=C<, 
this reaction is generally nucleophilic. 


Æ, CH,-CH,-CHilr 


2. CH,-CH-CH, 


The mechanism derives from the degree 
of polarization of the carbonyl group, 
which is due to the greater electronega- 
tivity of oxygen: 


\ 8, 8. 
C-o 
ri 
Numerous additions of this type have 
been discussed in the aldehyde and the 
ketone articles. As an example, recall the 
reaction of carbonyl compounds and hy- 


drocyanic acid (HCN, ionized into H* 
and CN- ): 


NA. 8 
C=O 2> C 
EON 
CN- 
y. 
< C om 
y 
CN 
The reagent in this cas. the CN- fon, & 
obviously nucleophili character, 
When acetaldehyd treated with à 
small quantity of sodium hydroxide, tt 
forms aldol; this reaction may be me 


garded as involving the addition of one 
molecule of acetaldehyde to the 


group of another. 
The structure of this reaction may be 
stated as follows: 


| a 
CH,—C + CH,-C=0 


o 


H H 
| 
WOR CH,-C-CH,-C80 
OH 
aldol 
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TRE 
ILLUSTRATED SCIENCE 
DICTIONARY 


Laws of Science to Mesoderm 


KEY TO PRONUNCIATION 


The diacritical marks are: 


ə banana, abut e bet th thin 
ə preceding l, m, n é beat th then 

as in battle i tip ü rule, fool 
9 electric i bite ù pull, wood 
er further j job, gem ve German 
a mat y sing hübsch 
à day 6 bone w French rue 
ü cot, father ò saw, all yü union 
aü now, out ói coin zh vision 


! mark preceding the syllable with strongest stress. 
, mark preceding a syllable with secondary stress. 


The system of indicating pronunciation in these volumes is used by permission 
from Webster's Third New International Dictionary, copyright 1961 
by G. & C. Merriam Co., Publishers of the Merriam-Webster Dictionaries. 
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laws of science 


laws of science Vlóz ov 'si-an(t)s\ 
Statements or generalizations about certain orderly relation- 
ships among phenomena, based on scientific observation and 
verification. 


Robert Boyle’s discovery that the volume of a gas varies in- 
versely with pressure when the temperature is held constant 
is one of the LAWS OF SCIENCE. 


laws of thermodynamics Vlóz əv ithar-moa-(,)di-'nam-iks\ 

puysics, The three laws basic to that branch of physics dealing 
with the relationships of heat energy to mechanical and other 
forms of energy. The laws are (1) energy cannot be created or 
destroyed, but may be changed from one form to another; (2) 
heat cannot pass spontaneously from a colder body to a hotter 
body; (3) a perfect crystalline substance has zero entropy at 
0° K. (a temperature impossible to reach). 


Some physicists accept only the first two Laws or THERMO- 
DYNAMICS, 


leach \'léch\ v. 
1. cuemustry, To dissolve soluble substances out of a mixture 
by soaking, or by percolating water or a chemical solution 
through it, 2. earrH scence, To dissolve soluble minerals in soil 
by water that passes through it. 


In the recovery of copper from its ore, sulfuric acid is some- 
times used to Leacu the ore, 


lead VledY n. 
CHEMISTRY, A soft, dense metallic element that is relatively re- 
sistant to corrosion and has a density of 11.34 grams per cubic 


centimeter, Symbol, Pb; atomic number, 82; atomic weight, 
207.19. 


LEAD is used to form the electrodes in automobile batteries, 


leaf \'Iéf\ n. 
l. borany. In plants, an outgrowth from a stem. It manufac- 
tures sugar by photosynthesis and usually consists of a flattened, 


green blade that is joined to the stem by a petiole. 2, privsics. 
A thin, metallic foil, 


The outer covering, or the epidermal cells, of a LEAF contains 
the stomata. 


least common denominator Vlest 'käm-ən di-'näm-ə-,nāt-ər\ 
MATHEMATICS. The least common multiple of the denominators 
of a given set of two or more fractions. 


The LEAST COMMON DENOMINATOR of the fractions 14, % and % 


Automobile Battery 


€Q—— 


lens 


is 24 because it is the least common multiple of the denominators 


3, 6 and 8. 
i TEA least common multiple \'lēst 'käm-ən 'məl-tə-pəl\ 
LEEWARD en »9n jii MATHEMATICS. The smallest whole number that is evenly divisi- 
ME. Yipee ble by each of a given set of numbers. 


The LEAST COMMON MULTIPLE Of 9, 12, 18 and 24 is 72. 


leavening \'lev-(ə-)niņ\ n. 

LEEWARD CHEMISTRY. The process of fermentation in unbaked dough that 
produces carbon dioxide gas. The process causes dough to rise 
and results in a light, porous product after baking. 


Baking powder is added to cake mixes to cause LEAVENING. 


Le Chatelier’s principle \,lə 'shit-*l-,yaz 'prin(t)-s(o-)poN 
CHEMISTRY. A principle that applies to conditions of dynamic 
equilibrium and states that, if the conditions of a system at equi- 
librium are changed, the equilibrium will shift in such a direc- 
tion as to restore the original conditions. Every system in equi- 
librium, according to the principle, tends to resist changes on 
it by reacting to nullify the change imposed. 

The tendency of one volume of nitrogen mixed with three vol- 


umes of hydrogen to form two volumes of ammonia gas when 
pressure is applied is an excellent illustration of LE CHATELIER’S 


PRINCIPLE. 


(of right triangle) 
leeward \'lé-word\ adj. 
EARTH SCIENCE. Pertaining to the side or direction opposite to 
that from which the wind blows; the sheltered side. 


The wxwanp side of a mountain usually receives less rainfall 
than the windward side. 


leg \'leg\ n. 
SUN LIGHT 1. MATHEMATICS, In a right triangle, one of the sides adjacent 
X to the right angle. 2. ANATOMY and ZOOLOGY. An appendage 


used for locomotion. 
Either ure of a right triangle is shorter than the hypotenuse. 


lens \'lenz\ n. 
1. pnysics. A device that will converge or diverge parallel 


beams of radiation passing through it. It is generally made of a 
curved piece of glass or plastic to focus the light. 2. ANATOMY. 
That part of the eye, located just back of the iris, that focuses 
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lenticel 


light rays on the retina. 3. EARTH SCIENCE. A rock shaped like 
à double convex lens. 


The rens of an optical microscope is glass, but the lens of an 
electron microscope is a magnetic field. 


lenticel \'lent-9-,sel\ n. j 
BOTANY. À pore in a stem that permits the passage of gas inward 1 REA 
and outward. 


A LENTICEL is usually formed just beneath a stoma. 


Lenz’s law Vlen(t)s-os 'lo\ 
puysics, The law stating that an induced electric current always 
has such a direction that its magnetic field opposes whatever 
action induced it. m LENTICEL 


According to LENZ Law, a metal pendulum bob swinging 
through a magnetic field will be damped by the electric cur- 
rents induced in it, 


lesion \'lé-zhon\ n. i 
MEDICINE, Any injury or wound; also, a change in any tissue that 
is due to injury or disease. LESION 


Sprained Ankle 


A sprain is a LESION occurring in the ligaments of a joint. 


NSS 


= See: 
s23 


lethal gene \'lē-thəl 'jēn\ 
BIOLOGY, Any hereditary factor, or gene, that, when present in 
both the sperm and egg cells, will cause the death of the or- 
ganism that develops from their union. 


Since @ LETHAL GENE is recessive, its presence in a living indi- 
vidual is masked by a normal gene. p 


leucocyte Vlü-ko-,sitV n. 
PHYSIOLOGY. A white blood cell, or corpuscle, that is capable of 
destroying many disease-producing organisms that enter the 
body. 


A tevcocyte leaves the capillaries and, by squeezing between 
cells, enters infected tissue. 


leucoplast \'lii-ko-,plast\ n. 
BOTANY, Colorless bodies, or plastids, found in the cytoplasm 
of certain plant cells. Leucoplasts often develop into chromo- 
plasts and chloroplasts. LEUCOCYTE 


A LEUCOPLAST serves as the nucleus for the growth of a starch 
grain. 


lift 


lever \'lev-ar\ n. 
prysics, A rigid bar that is free to turn on a fixed pivot (ful- 
crum); one of the simple machines that multiplies force. 


A hammer used to pull nails acts as a LEVER. 


levulose Vlev-yo-,lósV n. 
BOTANY and CHEMISTRY. C;H;:Os. A sugar that occurs in honey 


dis and many fruits. 
ALGA One molecule of ordinary table sugar, sucrose, may be broken 


down into molecules of LevuLose and glucose. 


libration \li-'bra-shon\ n. 

a eNO: The apparent rocking motions, or oscillations, of 
the moon as it revolves around the earth. The movements are 
caused by the inclination of the moon's axis of rotation and the 
variations in its rate of revolution. 


Although the same half of the moon is always turned toward 
the earth, small areas near the moon's edge appear and dis- 
appear from sight from time to time because of the moon's 
LIBRATION. 


LICHEN 


lichen \'li-kon\ n. 
potany. An unusual plant made up of two organisms, an alga 
and a fungus, living together in a symbiotic, or mutually de- 
pendent relationship. It is of the class Lichenes. 


A CHEN common in most areas forms a gray-green crusty 
growth on rocks and tree trunks, 


life \'lif\ n. 
pioLocY. A state of matter characterized by certain functional 
and structural characteristics, such as metabolism, growth, re- 
production, sensitivity to stimulation, differentiated cell or 
ne tissue development and identifiable individual forms. 


a! Sof All forms of living things come from preexisting LIFE. 


toe Qf Nymph 


LIFE CYCLE 
GRASSHOPPER 


life cycle \'lif ‘si-kal\ 


prorocy. The series of stages, or changes in form and function, 
through which a plant or animal passes during one complete 
generation. 

There is alternation of generations in the Lire. CYCLE of a fern. 


lift \'lift\ n. 


AERONAUTICS. The upward force on an airplane that is produced 
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ligament 


by the motion of the air over the wings and, to a much lesser 
extent, the upward push of air on the bottom of the wings. 


The ur produced by air flowing over an airfoil is an example 
of Bernoulli's principle. 


ligament Vlig-o-montV n. 
ANATOMY. Strong, tough strands of connective tissue that hold 
bones together at the movable joints or that hold certain in- 
ternal organs in place. 


A torn LiGAMENT may be a more serious injury than a broken 
bone. | 


light \'lit\ n. 
PHYSICS. Those frequencies of electromagnetic radiation that 
can be detected by the eye. 


The speed of xxcur in water or in other transparent materials 
is slower than in a vacuum. 


lightning \'lit-nin\ n. 
EARTH SCIENCE. À discharge of static electricity between clouds 
or between a cloud and the earth's surface, 


The electrical charges that produce .1cHTNING are the result of 
friction between air and water droplets. 


light-sensitive Vlit 'sen(t)-sot-iv\ adj. 
CHEMISTRY, Referring to certain substances that undergo chemi- 
cal reaction as a result of absorbing light energy. 


Ordinary photographic film is made by placing a vxcir-skNsi- 
TIVE silver compound on a celluloid or plastic backing. 


light-year \'lit-,yi(a)r\ n. 
ASTRONOMY. The distance that light travels in one year, or about 
six trillion miles. 


A LIGHT-YEAR is about 63,000 times the distance from the earth 
to the sun. 


ligneous \'lig-né-as\ adj. 
BOTANY. Having the qualities of, or being like, wood; woody. 


LIGNEOUS plant stems are more: rigid than are the stems of most 
herbs. 

lignin \'lig-non\ n. 
BOTANY. A substance that, together with cellulose, forms the 


Tendons 
to Fingers 


LIGAMENT 


PORTION OF 
ELECTROMAGNETIC 
SPECTRUM 


High-frequency 
radio waves 


Infrared radiation 


Visible LIGHT 


Ultraviolet radiation 


Angstrom X rays 
units 


LGNIFIED 
CELL WALL 


LIGNIN 


Cross Section 
of Tree Bark 


i TS 
LIMESTO 


limnology 


woody cell walls of plants and the cementing material be- 
tween them, thus giving the cells added strength. 


uicnin has a higher carbon content than cellulose. 


lignite Vlig-niV n. — , 
EARTH SCIENCE. A low-grade soft coal having a woody appear- 
ance, It is more compact than peat and less compact than bi- 
tuminous coal. 


When uxcwrrs is burned, it produces less heat and more smoke 
than would the same amount of bituminous coal. 


limb \'lim\ n. 
1. ANATOMY and zooLocx. A jointed part of the body, as a leg 
or an arm. 2. BOTANY. An offshoot from the main stem of a tree, 
shrub or flower; a branch. 3. astronomy. The outer edge of the 
apparent disks of the sun, moon and planets. 
Each flipper of animals such as the sea turtle, seal, walrus and 
whale is a type of umn adapted to locomotion in water. 


limestone \'lim-,st6n\ n. 
EARTH SCIENCE. A sedimentary rock composed mostly of the 
mineral calcite, CaCOs, that has been formed by organic or in- 


organic processes. 
Large caves are often formed in deposits of LIMESTONE. 


limit \'lim-ət\ n. ! 
MATHEMATICS. The number or point toward which a sequence 
or a series converges; also, the value approached by the de- 
pendent variable of a function as the independent variable ap- 
proaches a given value. 
The series 3 + 03 + 003 +... +3(10)-" + . . . has as its 
uir the rational number ¥. 


limnetic \lim-'net-ik\ adj. 
protocy. Referring to the open part of a body of fresh water, 
or to something within that zone. 
A freshwater lake usually contains hundreds of LIMNETIC 
organisms. 

limnology \lim-'näl-ə-jē\ n. 
The study of the physical, biological, chemical and meteoro- 
logical conditions in fresh water; particularly, those conditions 


in ponds and lakes. 
The biological aspects of LIMNOLOGY are 
ecology. 


called freshwater 


167 


linear 


linear Vlin-&-orV adj. nod 
MATHEMATICS. Pertaining to a line; also, having one dimension; 
also, referring to an equation whose graph is a straight line, 


There are three Linean feet in a yard. 
LJ 


linear equation \'lin-é-ar i-'kwa-zhon\ 
MATHEMATICS, A first-degree equation in one or more variables; 
an equation in which each term containing a variable is of the 
first degree, 


Each of the following is a LINEAR EQUATION: 4x + 5 = 97, Ox 
— õy = 21 and 7x + 4y — 5z = 10. 


linear programming \'lin-é-or 'pró-gram-igV 
ENGINEERING and MATHEMATICS. A theory for determining the 


LINEAR PROGRAMMING is especially useful in the economic plan- 
ning of large-scale industrial operations, 


line graph Vlin 'graf\ 
MATHEMATICS. A graph in which a statistical relation is repre- 
sented by points in a rectangular coordinate system. The points 


A LINE GRAPH is often used to emphasize differences in numeri- 
cal values, 


lines of force Vlinz oy 'fo(o)rsV 
EARTH SCIENCE and Pnysics, In an electric field, lines that trace 
the path a positive charge would follow in going from the plus 
to the minus pole; also, in a magnetic field, the lines along 
which a small compass needle would align itself with refer. 
ence to the north and south poles. 


If not acted on by another field, a compass needle will align 
bd with one of the uwes or FORCE of the earth’s magnetic 


line squall Vlin ‘skwol\ 
EARTH SCIENCE. A line of thunderstorms in advance of a fast- 
moving cold front, 


A LINE SQUALL has extremely-turbulent winds that sometimes 
develop into a tornado, 


Sproutii 


New bean plonts 


n 
LINE SQUALL 


ing of bean plants 


BAR MAGNET 
—_ 


Genes for black body color and vestigial 
wings located on this chromosome, so these 
two traits will occur together 


CHROMOSOMES 


LINKAGE 


LIQUID FUEL ROCKET 


Alcohol 


LIQUID OXYGEN 


Turbopump 
Combustion chamber 


liquid oxygen 


linkage \'lin-kij\ n. 
1. moLocy. A group of genes linked together in the same 
chromosome, resulting in an inheritance of characteristics, or 
traits, in groups. 2. chemistry, A covalent bond between two 
atoms. 3. ENGINEERING. A flexible joint between two rigid bars. 
4. puysics. The process by which one electric current gives rise 
to a second current through the phenomenon of induction. 


A series of linked gene pairs in the same chromosome is known 
as @ LINKAGE. 


lipides Vlip-idzV n. 
cuemistry. A group of organic compounds that have the char- 
acteristics of an oil, a fat or a wax and that are not soluble in 
water; also spelled lipid. 
uipwes, proteins and carbohydrates are the general classes of 
compounds that are contained in protoplasm. 


lipoid \'lip-,oid\ adj. 
proLocy. Fatty; fatlike or resembling fat. 


Lom substances do not dissolve in water. 


liquid Vlik-wod n. 
cuemisrry. A substance that has a definite volume at a given 
temperature but not a definite shape, taking, instead, the shape 
of its container. A liquid is a substance that is neither gas nor 


` solid. 
xiQum is practically incompressible. 


liquid air \'lik-wod 'a(ə)r\ 
cuenastny, Air that has first been highly compressed and then 
has been cooled by expansion, forming a very cold, transparent 
liquid. 


Liou am does not have a definite boiling point. 


liquid measure \'lik-wod 'mezh-orV 
MATHEMATICS. A system used in measuring the volume of quan- 


tities of liquids. 
The capacity of a bottle is usually expressed in LIQUID MEASURE, 


liquid oxygen \'lik-wod 'ük-si-jonN 
ASTRONAUTICS, A pale blue, transparent, mobile liquid, obtained 
by the compression of gaseous oxygen and used in liquid-oxy- 
explosives and as an oxidizer in rocket propellants; also 


called lox. 
igum oxyceN is highly explosive. 
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liquid propellant 


liquid propellant Vlik-wod pra-'pel-ant\ 
ASTRONAUTICS. A rocket propellant in which the various com- 
ponents, such as the fuel and the oxidizer, are in the liquid 
state; also, referring to a type of rocket engine that uses a 
liquid propellant. 
In 1926, Robert Goddard, an American scientist, launched the 
first successful rocket using a LIQUID PROPELLANT. 


liter Vlét-orV n. 
MATHEMATICS. The volume occupied by 1 kilogram of pure 
water at 4* C. and 1 atmosphere of pressure. A liter is equal to 
1,000 milliliters and approximately equal to 1,000 cubic centi- 
meters, 


A urren is slightly more than a liquid quart. 


literal Vlit-o-ralV adj. 

. MATHEMATICS. Pertaining to any letter in an algebraic term; 
also, referring to an equation in which the coefficients of the 
variables or a constant term are represented by letters, 


Two or more terms that have the same LxrERAL factor are simi- 
lar, 


lithification \ lith-a-fi-'ka-shon\ n. 
EARTH SCIENCE. The processes that change sedimentary de- 
posits into rock. 


MIHIFICATION occurs when the weight of overlying sediments 
causes rock particles to be cemented together into a compact 
mass, 


lithosphere \'lith-a-,sfi(a)r\ n. 
EARTH SCIENCE. The solid part, or crust, of the earth, 


The urrnospuene includes the basins of lakes and oceans, as 
well as continents, 


litmus \'lit-mas\ n. 
GureMisrRY, A dye that is red in water solutions of acids and 
blue in water solutions of alkalies. 


Strips of filter paper first soaked in LITMUS and then dried are 
used as laboratory indicators of acid-base solutions. 


littoral \'lit-ə-rəl\ adj. 
1. BioLocv. Pertaining to shore life, and, in fresh waters, con- 
fined to areas in which rooted vegetation occurs, 2. EARTH 
SCIENCE, Composed of material deposited near a shore. 


Oil slicks caused by shipwrecks and underwater drilling often 
do extensive damage to LrrroraL sea life. 


Se 
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Liquid 


LITHIFICATION 


HYDROSPHERE 


LITHOSPHERE 
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LODESTONE 


` 


lodestone 


liver Vliv-orV n. 
ANATOMY and zooLocv. A glandular organ thatsecretes diges- 
tive fluids, such as bile, and, in vertebrates, destroys worn-out 
red corpuscles and stores vitamin A and glycogen. 


In vertebrate animals, the river is the largest of all the glands 
in the body. 


load \'lod\ n. 
1. EARTH SCIENCE, Material, such as sand, gravel or clay, that 
is transported by a stream, a glacier or the wind, 2. PHYSICS. The 
total resistance or reactance in an electric circuit. 
Part of a stream's Loap may be suspended in the water, and 
part of it may roll along the bottom. 


loam Vlóm n. 
EARTH SCIENCE. Soil composed principally of sand and clay with 
varying amounts of silt and organic matter. 


Loam is usually named according to the material that gives it 
special characteristics, such as sandy loam, silty loam or clay 
loam. 


lobe VlóbN n. 
1. ANATOMY, A well-defined portion of an organ such as the 
brain or liver; also, the rounded lower part of the external ear. 
2. norany. A rounded division of a leaf. 
The chief motor areas of the brain are located in the frontal 
Lose of the cerebral cortex. 


locus Vló-kosV n. 
MATHEMATICS, The set of those points, and only those points, 
that satisfy a given condition or set of conditions. 


The Locus of an equation can be represented by a graph. 


lode \'l6d\ n. 
EARTH SCIENCE. A mineral deposit formed in closely-spaced veins 


or rock fissures. 
Sometimes, more than one metal can be mined from the same 
LODE. 


lodestone \'löd-,stõn\ n. 


EARTH SCIENCE. A natural magnet composed of the mineral mag- 


netite, FesOu. 


A piece of LODESTONE suspended on a thread will point to mag- 


netic north, 
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loess 


loess VlesV n. 
EARTH SCIENCE. A deposit of fine, loose material, mostly silt with 
some clay and sand particles, Such a deposit is usually yellow- 
brown in color. 


Many geologists believe that Lorss is material that has been 
transported and deposited by the wind. 


logarithm Vlóg-o- rith-omV n. 
MATHEMATICS, The index of the power to which a fixed num- 
ber, the base, must be raised in order to produce a given num- 
ber. 


Any number between 1 and 10 has a LOGARITHM between 0 
and 1. 


longitude Vlàn-jo- t(y)üd n. 
EARTH SCIENCE. The angle formed at the earth’s poles between 
a reference line, the Greenwich or prime meridian, and a me- 
ridian through any given point on the earth's surface, Longitude 
is calculated as a number of degrees east or west of the refer- 
ence line. 


Two places located exactly north and south of each other have 
the same Loncrrune, 


loran Vlo( 9)r-.anV n. 


ENGINEERING, A navigational system in which pulsed signals 


LORAN is an abbreviated term for long range navigation. 


low VloV n. 


EARTH SCIENCE. A region having an atmospheric pressure less 
than that of surrounding areas, usually less than normal pres- 
sure (14.7 pounds per square inch); see cyclone, 


The weather associated with a Low is generally cloudy with 
rain or snow. 


low-frequency Vlo 'fré-kwon-sa\ adj. 


PHYSICS. Pertaining to any frequency Tanging from 30 to 300 
kilocycles. 


Amateur radio operators must use the LOW-FREQUENCY range, 


lox \'liks\ n. 


A term for liquid oxygen. See liquid oxygen, 
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luminosity 


An abbreviation for ly sergic acid diethylamide See lyse gie 


L-shell \'el-,shel\ n. 
CHEMISTRY and PHysics. One of the seven principal energy 
levels, identified by the letters K, L, M, N, O, P and Q, that 
electrons may occupy in an atom; the second principal energy 
level that electrons may occupy in the Bohr model for the 
atom. 


There may be as many as eight electrons in the L-SHELL. 


lumbar \'ləm-bər\ adj. 
ANATOMY and zooLocy. Pertaining to the lower part of the 
back or loin, as lumbar nerves, lumbar vertebrae or lumbar 
arteries. 


In mammals, the largest vertebrae are those found in the Lum- 
BAR region. 


lumen \'lü-mən\ n. 
1. prysics. A unit for measuring intensity of light, equal to the 
illumination given off from a standard candle source and con- 
tained in a solid angle. 2. anatomy. The space inside a tubu- 
lar organ, as ina blood vessel or a duct. 3. sioLocy. The space 


inside a cell. 


One LuMEN is equal to 0.0015 watt. 


luminescence Vü-mo-'nes-?n(t)sV n. 
prysics. The emission of light from any substance that is not in- 
candescent. The energy that excites the emitter may come from 
a chemical reaction (chemiluminescence), from mechanical 
action (triboluminescence) or from some other source. 


The light produced in the abdomen of the firefly is an example 
of LUMINESCENCE. 


luminosity \ lii-ma-'nds-at-é\ n. 
ASTRONOMY. The intrinsic brightness of a star as compared to 
the brightness of the sun, the sun having been assigned a 
luminosity of one. 
Arcturus or Capella, has a LUMINOSITY of 
hich means it would appear to be 100 
e sun if it were the same distance from 


A giant star, such as 
approximately 100, w 
times brighter than th 
the earth as is the sun. 
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lunar 


lunar Vlü-norV adj. $ 
ASTRONOMY. Relating to the moon or resembling the moon in 


ais LUNAR 
Modern astronomers disagree about the way Lunar craters were (CRATERS) 
formed. 


lunar day Vlü-nor 'dā\ 

ASTRONOMY. On the earth, the period of time (approximately 
24 hours and 50 minutes) between two successive transits of 
the moon across an observers meridian; also, on the moon, 
either the length of time it takes the moon to complete one 
rotation (about 28 earth days) or the length of time that there 
is sunlight on a given spot on the moon’s surface (about 14 
earth days). 


On the earth, the Lunar pay is shortest during the period of the 
harvest moon. 


lunar eclipse Vlü-nor i-'klips\ 
ASTRONOMY. An eclipse of the moon caused by the earth's 
shadow falling on the moon. 


LUNAR DAY 
A LUNAR ECLIPSE occurs only when there is a full moon. 


lune VlünY n. 
MATHEMATICS, À portion of a sphere created by, and lying be- 
tween, two semicircles running from pole to pole, the semi- / 
circles being, in fact, halves of great circles of the sphere. 


One Revolution 


The line segment joining the vertices of a Lune is a diameter of 
the sphere. 


lung \'ləņ\ n. 
ANATOMY and zootocy. In man and higher vertebrates, one of 
two thin, elastic saclike organs that is a part of the respiratory 


system and that absorbs oxygen from the air and eliminates 
carbon dioxide. 


In mammals, each tone is covered by a double membrane 
called the pleura, 


luster Vlos-torV n. 
EARTH SCIENCE. That special appearance of a mineral surface 
due to its light-reflecting characteristics, used as a means of 
identifying some minerals; more generally, the sheen, or the 
gloss, of an object as it reflects light. 


LUNAR ECLIPSE 


A mineral having the shiny appearance of a metal is said to 
have metallic Luster. 
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LYMPHOCYTE 


lysergic acid diethylamide 


lux \'loks\ n. 
puysics, A unit of illumination, or light intensity, equal to one 
lumen per square meter. 


The tux is the unit of illumination derived from the mks sys- 
tem of units. 


lye VIN n. 
cuemistry. NaOH (sodium hydroxide). A white, poisonous 
solid that dissolves readily in water, forming an alkaline solu- 
tion that will neutralize acids. 


The first step in treating skin that has been exposed to vxx is 
to rinse it thoroughly with water. 


lymph \'lim(p)f\ n. 
ANATOMY and PHYSIOLOGY. A colorless fluid that bathes the tis- 
sues, passes into lymphatic channels and ducts and is dis- 
charged into the blood by way of the thoracic duct. Lymph 
consists of a liquid, coagulable portion resembling blood plasma 
and contains numerous white blood cells. 


The white blood cells in txmen destroy harmful bacteria in 
the body. 


lymph node Vlim(p)f 'nodV 
anatomy. Any of the groups of glandlike bodies located along 
the paths of lymph vessels; also called lymph gland. 


A Lymen None filters lymph and clears it of foreign particles, 
such as bacteria, carbon particles and malignant cells. 


lymphocyte \'lim(p)-fo-,sit\ n. 
ANATOMY and PHYSIOLOGY. One of the three types of white cells 
formed by cell division in the lymph nodes. 


A vyMHocvrE. is carried from a lymph node, through the 
lymph vessels and into the bloodstream. 


lysergic acid diethylamide \lo-'sor-jik 'as-od 
di-,eth-al-'am-,id\ 
CHEMISTRY and MEDICINE. CisHis;NxCON(C2Hs)2. A crystalline 
solid obtained from ergot or synthesized in the laboratory. 
When taken as a drug, it causes severe hallucinations and symp- 
toms resembling mental illness; also called LSD. 


LYSERGIC ACID DIETHYLAMIDE is the best-known of the psyche- 
delic drugs. 
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machine language \mo-'shén ‘lan-gwij\ 
ENGINEERING and MATHEMATICS. A system of coded symbols 
that can be interpreted by a digital computer. 


The MACHINE LANGUAGE fed to a common type of computer 
consists of various combinations of holes punched in a card. 


Mach number \'mak 'nom-ber\ 
PHYSICS. A number that expresses the ratio between the speed 
of a body and the speed of sound in the surrounding atmos- 
phere. 


Near the surface of the earth, a MACH NUMBER of one is equiva- 
lent to a speed of about 750 miles per hour. 


mackerel sky Vmak-(o-)rol 'ski\ 
EARTH SCIENCE, A sky with cirrocumulus clouds in a pattern 
resembling the arrangement of scales on the sides of a 
mackerel. 


A MACKEREL sky followed by lower, thicker clouds often indi- 
cates an approaching storm. 


macroclimate \'mak-(,)r6-,kli-mot\ n. 
EARTH SCIENCE, The overall climate of a large geographic area, 
às opposed to the climate of a very small area. 


Weather Bureau reports usually pertain to a MACROCLIMATE. 


macromolecule Vmak-())ró-mál-i- kyü(9)IN n. 
CHEMISTRY. A large molecule held together by covalent bonds; 
also, a polymer of high molecular weight (about 40 million). 


A diamond crystal is a MAcROMOLECULE because all its atoms 
vt ipa together so that the whole crystal is one large 
molecule. 


macronucleus Y,mak-()r-'n(yJü-kle-os n. 
ZooLocv. A large nucleus found in certain protozoa that regu- 
lates the nutritional processes within the organism, as con- 
trasted with the smaller micronucleus that functions during 
reproduction. 


During the conjugation of two paramecia, the wAcRoNUCLEUS 
in each will break up and disappear. 
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macroscopic \,mak-ro-'skiip-ik\ adj. 
Large enough to be studied by the unaided eye, as contrasted 
with microscopic. 
Certain parts of a frog are macroscoric, while other parts can 
be studied only with a magnifying glass or microscope. 


Magellanic Clouds \,maj-a-'lan-ik 'klaùdz\ 
ASTRONOMY. Two irregular galaxies that are the nearest gal- 
axies to the Milky Way system. They are visible to the naked 
eye as cloudlike, luminous patches. 


VOLCANO 


Since the MAGELLANIC cLoups are located within 25 degrees of 
the south celestial pole, they are not visible to observers north 
of the tropical zone. 


magma \'mag-ma\ n. 
EARTH SCIENCE. A mass of molten rock materials and dissolved 
gases beneath the surface of the earth. Lava is magma that 
flows from volcanoes. 


Igneous rocks are formed when macma cools and solidifies. 


magnesium \mag-'né-zé-am\ n. 
CHEMISTRY. A silvery, metallic element of low density, It re- 
sembles aluminum and is very active chemically. Symbol, Mg; 
atomic number, 12; atomic weight, 24.312. 


Alloys of Macnestum and aluminum are used in aircraft con- 
struction because they are light but relatively strong. 


magnet \'mag-nat\ n. 
rnysics, An object that will attract iron by a force other than 
gravitational, electrical or nuclear, 


MAGNETIC GEOGRAPHIC 
NORTH POLE NORTH POLE The force of a macner that attracts iron seems to come from 
MAGNETIC its two poles. 
DECLINATION 


magnetic core \mag-'net-ik 'k6(o)r\ 
N ENGINEERING and MATHEMATICS, In a computer, an electromag- 
COMPASS netic device used to store a binary digit. 


The condition of a wAcNETIC Cone, on or off, is checked by a 
sensing circuit within the computer. 


magnetic declination \mag-'net-ik ,dek-lo-'nà-shonV 
EARTH SCIENCE. The acute angle formed at any point on the 
earth's surface by two lines: one from the point to the magnetic 
north pole and the other from the point to the geographic 
(true) north pole. 


A navigator must correct any compass reading for MAGNETIC 
DECLINATION to find his true direction, 
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magnetic deviation 


magnetic deviation \mag-'net-ik ,dé-vé-'a-shon\ 
EARTH SCIENCE and Physics. The angle between magnetic north 
and north as indicated by a compass whose reading is affected 
by local interference or magnetism. 


MAGNETIC DEVIATION at a given place may be caused by the 
presence of large quantities of iron. 


magnetic field \mag-'net-ik 'feldV 
PHYSICS. The space around a magnet or a conductor carrying 
electric current in which magnetic effects are observable. 


The outline of a MAGNETIC FIELD may be observed by sprink- 
ling iron filings around a magnet. 


magnetic flux \mag-'net-ik 'fləks\ 
PHYSICS. Magnetic lines of force; commonly, the total number 
of magnetic lines of force passing through a given object placed 
in a magnetic field; also, the total amount of magnetic induc- 
tion passing through a given plane surface. 


A keeper, an iron bar placed across the ends of a horseshoe 
magnet, concentrates the MAGNETIC FLUX and prolongs the 
useful life of the magnet. 


magnetic induction \mag-'net-ik in-'dak-shon\ 
Puysics. The phenomenon by which voltage, or electromotive 
force, is produced in a conductor moving through a magnetic 
field; also, the phenomenon by which an unmagnetized piece 
of iron, or other material, becomes a magnet as a result of being 
placed in a magnetic field. 


The voltage produced by electric generators is a result of mac- 
NETIC INDUCTION. 


magnetic poles \mag-'net-ik ‘polz\ 
EARTH SCIENCE. The two points on the earth’s surface where the 


needle of a dip compass will stand in a vertical position; the 
north and the south magnetic poles. 


The earth's macneric Pores do not coincide with its geographi- 
cal poles, 


magnetic storms \mag-'net-ik 'sto(a)rmz\ 
EARTH SCIENCE and Physics, Irregular variations in the earth’s 
magnetic field, lasting from several hours to several days and 
causing interruptions in electrical and radio communications. 


MAGNETIC STORMS are usually associated with the appearance 
of solar flares and sunspots. 
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main-sequence stars 


magnetism Vmag-no-tiz-omY n. 
PHYSICS. That group of phenomena involving forces of both 
attraction and repulsion and associated with electrical charges 
moving in a conductor (as an electric current) or with spin- 
ning electrical charges (as in an atom); in particular, events 


tT that occur in a field of influence caused by a magnet. 


Magne! poles to spark plug Scientists have not yet explained the exact physical nature of 
pe MAGNETISM. 
pw, 
7 yf f in TY ^N 
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magneto \mag-'nét-(,)-3\ n. 
ENGINEERING, A device for producing the high-voltage alternat- 
ing current that fires the spark plugs of some internal-combus- 
tion engines. 


Primary winding 
to condenser and 
contact points 


A gasoline-powered lawnmower utilizes a mMacneto that is 
attached to the flywheel. 


magnetron Vmag-no-,tránV n. 
PHYSICS. A device used for generating electromagnetic waves 
MAGNETO of microwave frequency. It consists of a vacuum tube in which 
(ROTARY) a flow of electrons from cathode to anode is controlled by an 
externally-applied magnet. 


A MAGNETRON is used to generate the radio waves of very high 
frequency that are used in radar, which are beyond the capacity 
of ordinary tubes. 


Flywheel 


magnification \,mag-no-fo-'ka-shan\ n. 
puysics. The apparent enlargement of an object when viewed 
through a lens or a system of lenses. 


Very fine print is hard to read without MAGNIFICATION, 


magnitude \'mag-no-,t(y)iid\ n. 
l. ASTRONOMY. A comparative number used to indicate the 
brightness of a star, planet or other celestial body. 2. MATHE- 
MATIGS. Size, greatness or extent of a quantity relative to some 
unit of measure; also, that property of a measurable quantity 


MAGNIFICATION 
that may be represented as a line segment of definite length. 


Apparent MAGNITUDE refers to the brightness of a star as we 
see it, while absolute magnitude indicates the star's intrinsic, 


or actual, brightness. 


main-sequence stars Vmàn 'sé-kwon(t)s 'stärz\ 
ASTRONOMY. The stars that are included in a broad band ex- 
tending from the upper left to the lower right on a spectrum- 
luminosity (Hertzsprung-Russell) diagram. Included are our 
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major arc 


sun and most other stars, but not the giants, the supergiants 
and the dwarfs. 


A star's position on the spectrum-luminosity diagram with re- 
spect to the MAIN-SEQUENCE stars is believed to indicate its 


stage of evolution. 


major are \'ma-jar 'árkV 
MATHEMATICS, An arc, or portion of a circle, that is greater 
than a semicircle. 


A central angle that intercepts a Mayor Anc is greater than a 
straight angle. 


major axis \'ma-jor 'ak-sosV 
MATHEMATICS. The longer of the two axes of symmetry of an 
ellipse; also, the longest of the diameters of an ellipse. 


The length of the mayor axis of an ellipse is equal to the sum 
of the distances from any point on the ellipse to the two foci 
of the ellipse. 


male Vmàl adj. 
l. ANATOMY and zooLocY. Referring to that sex which pro- 
duces sperm that unite with the egg, or ovum, of a female to 
produce a new animal; also, referring to the characteristics of 
that sex. 2. norANY. Pertaining to a plant, or to organs of a 
plant, that fertilizes the pistillate plant of its own variety; 
staminate; see stamen. 


The reproductive cells of a mare animal are usually adapted 


for movement, but the egg cells of the female ordinarily do 
not have this ability. 


malleable \'mal-é-a-bal\ adj. 
CuEMISTRY and Puysics. Capable of being formed into a shape 
by hammering, pressing or rolling. 


Cast iron may be made MALLEABLE by maintaining it at a tem- 
perature of 800° C. for several days and then cooling it slowly. 


maltose \'mol-,tds\ n. 
CHEMISTRY. Ci;Hz,O;;. A sugar formed by the partial decom- 
position of starch and promoted by the presence of a specific 
enzyme; a disaccharide. 


When barley sprouts, some of its starch is converted to MALTOSE. 


mammal \'mam-al\ n. 
zoo.ocy. One of the class of vertebrates (Mammalia) includ- 
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ing man and the warm-blooded quadrupeds that grow hair 
and feed their young on milk. 


Although it has some fishlike characteristics, the whale is a 
MAMMAL. 


mandible \'man-do-bal\ n. 
1. anatomy. A jaw, especially the lower jaw. 2. zoorocy. A 
similar structure in mammals; also, either part of the beak of 
a bird; also, a biting part of the mouth of arthropods. 


The MANDIBLE in man is somewhat V-shaped and contains the 
set of lower teeth. 


manometer \mo-'niim-at-or\ n. 
1. puysics. A device used to measure the pressure in fluids; a 
pressure gauge. 2, MEDICINE and PHYSIOLOGY. An instrument 
used to measure blood pressure in arteries by means of an in- 
flated pressure cuff that is connected to it. 


A MANoMETER is often made in the form of a U-shaped glass 
tube. 


mantissa \man-'tis-0\ n. 
MATHEMATICS. The part of a logarithm that is represented by 
a decimal fraction or that appears to the right of the decimal 


point. 
The mantissa always has a value ranging from zero to one. 


mantle \'mant-*l\ n. 

1. zoovocy. The membranous flaps or folds in the body wall of 
a mollusk or similar organism, containing glands that secrete 
a shell-forming fluid; also, the soft, outer wall of a tunicate or 
barnacle; also, the back and folded wings of a bird. 2. ANAT- 
omy, The cortex of the cerebrum. 3. EARTH SCIENCE. The part 
of the earth between the crust and the core that extends to a 
depth of about 1,800 miles and is believed to be composed of 
ferromagnesian minerals. 

A pearl. is formed around such particles as sand grains that 
have become lodged between the MANTLE and the shell of cer- 
tain mollusks. 


mantlerock Vmant-?l-rükV n. 
EARTH SCIENCE. The layer of loose rock fragments, earth and 


soil that covers land areas; the regolith. 


MANTLEROCK rests on top of bedrock. 
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mapping 


mapping Vmap-ig \n. 
RM A correspondence, or relation, between two sets 
that associates, or matches, with each element of the first set a 
unique element of the second set. 


The concept of mavrinc is closely related to the concept of 
function. 


marble \'miir-bal\ n. 
EARTH SCIENCE. A metamorphic rock consisting of calcite, 
CaCO». It is an altered limestone or dolomite that takes a fine 


polish. 
The principal uses of marsie are as a building stone and for 
statues, 


marine \mo-'rén\ adj. 
Pertaining to, or living in, a sea, an ocean or another body of 
salt water, 


Whales, lobsters and sailfish are all Maine animals. 


marrow \'mar-(,)3\ n. 
ANATOMY and zooocy. The soft, fatty tissue found in the cav- 
ities of many bones. 


Red blood cells are formed in the red wAnnow of the bones. 


marsh \'miirsh\ n. 
EARTH SCIENCE, A tract of relatively-low, flat land that is partly 
or completely covered with standing water and thick vegeta- 
tion; a swamp; a bog. 


A mansn may be the result of sediment filling a lake. 


marsh gas \'miirsh 'gasV 
curvas, CH,. A burnable gas, methane, frequently formed 
in swamps, It is formed by the underwater decay of organic 
matter, 


If mansn Gas ignites in a swamp, it may be seen on moonle: 
nights as a dim flicker of light that has come to be known as 
“swamp fire" or “will-o'-the-wisp.” 


marsupial \miir-'sii-pé-al\ n. 
zoovocy. A mammal, the female of which has a pouch on the 
abdomen in which the young are carried and nourished, such 
as an opossum or kangaroo. 
The young of a Mansurtat spends its ea in the 
mother's pouch, or eed 
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mass ratio 


maser Vmá-zorV n. 
puysics, An electronic device that produces microwaves in a 


very narrow frequency range. 


stasen comes from the first letters in the expression “microwave 
amplification by stimulated emission of radiation.” 


mass \'mas\ n. 
puysics, The quantitative measure of an object's property to 
resist changes in its motion; also, the amount of matter in an 
object, measured in units, such as the gram and kilogram. 


The weight of an object may be different if measured on dif 
ferent planets, but the object's mass is the same everywhere, 
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tas of the nucleus as a whole. The latter mass is smaller, and 
the apparent loss of mass occurs as binding energy that con- 
tributes to holding the nucleus together. 

Mass pervcr is frequently given as evidence for the equality of 
mass and energy. 


per second. 
The MASS-ENENGY WQUATION is frequently referred to as Ein- 
MASS NUMBER stein's equation. 
jp H' mass number \'mas ‘nom-bor\ 
HYDROGEN s sics. The total number of protons and neutrons in the ne 
ATOM- "leas of an atom. Mass number is nearly the same as atomic 
One proton weight. 
in nucleus 


The sass xusmen of a radioisotope of carbon is 14, but that 
of the common nonradioactive isotope of carbon is 12 


mass ratio \'mas 'rā-(,)}shð\ 
SS Foaumis. The ratio of  rocket's total mass to its mass after 


all the fuel has been used. 


The ejection of the burned-out stage of a multistage rocket Wy 
The ele the wass nario of the remaining stages of the rocket, 


mass spectograph 


mass spectograph \'mas ‘spek-t(r)a-,graf\ 
vivsics. A device that separates mixtures of electrically-charged 
atoms or molecules. In operation, moving, 
are deflected by a magnetic field, the amount of de- 
pending on the mass and charge of the particles, A 
record of the separated particles is made photographically, 
The sass srectnocnarn has been used in discovering isotopes 
of many elements, 


mass unit \'mas ‘yii-not\ 
vivos. A standard unit for expressing mass and a basis for 
comparing the mass of objects, 
The mass vwrr in the mks system is the kilogram, in the cgs 
system it is the gram and in the fps system it is the slug. 


mastoid \'mas-,toid\ n. 
ANATOMY, A part of the temporal bone, shaped like a nipple 
and located behind the ear, 

The stasrow contains small chambers, known as air cells, that 
sometimes become infected. 


maternal \mo-'torn-"I\ adj. 
ANATOMY and zootocy. Of, like or characteristic of a mother; 
also, inherited, derived or received from a mother, 
Many female animals have a MATERNAL. instinct that causes 
them to care for their offspring. 


mathematician \,math-(o-)mo-'tish-on\ n. 
MATHEMATICS. One who is well versed in all branches of mathe- 
matics and who is an expert in one or a number of branches of 
advanced mathematics, 
A MATHEMATICIAN. usual devotes a great deal of time to re- 
search work in his special feld of mathematical Line 


mathematics \,math-o-'mat-iks\ n. 
The science that includes both the practical and the theoretical 


study of form, space and number. 
Manitemarics includes such branches of as arithmetic, 
algebra, geometry and calculus, — 

matrix \'mii-triks\ n 
L tarm SCIENCE. minerals or rock icles that 
fill the spaces between parisien, cryatals or fossils the 


maxwell 


growth, as the dermis of the fingernail and toenail. 4. matme- 
marics. A arrangement of terms, called elements, 
that is useful in the study of systems of linear 
equations. 


Mineral ores often consist of a mamux of rock in which the 
mineral is embedded. 


matter \'mat-or\ n. 
rivsics, Anything that has the property of inertia and that can 
be located in space; also, anything that has mass and occupies 
space, 
Because the mass of an electron is less than that of a neutron, 
it is considered to be a smaller particle of MATTER, 
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mean \'mén\ n. j i 
MATHEMATICS. An intermediate value that is the arithmetic 
average of a set of numbers determined by dividing the sum 


of the numbers by the cardinal number of the set; also, the n'^ m hese De 
root of the product of a set of n numbers. 3 SC EA 


MCCC LET 
The arithmetic MEAN of 5, 7, 32 and 44 is the sum of these ; 
figures divided by 4, or 22. 


meander Vmé-'an-dor n. 
EARTH SCIENCE. A looping bend in a stream or river, usually 
occurring in a series and typical of a stream flowing in a flat, 
wide valley. 


A MEANDER may form when a stream is diverted by an obstruc- 
tion in its channel. 


means \'ménz\ n. 
MATHEMATICS, The second and the third terms of a proportion. 
In the proportion 4:6 = 2:3, the numbers 6 and 2 are the 
means, 


In a proportion, the product of the means is equal to the prod- 
uct of the extremes. 


mean solar time \'mén 'só-lor 'tim\ 
astronomy. Time based on the average length of a solar day 
during the course of a year. The use of mean solar time is 
necessary because the time intervals between the sun’s crossing 
of the meridian at a given location are not the same each day. 


Because our clocks are set according to MEAN SOLAR TIME, they 
do not agree with sundial time during most of the year. 


measure Vmezh-orV 
MATHEMATICS (V.). To determine the number of times a fixed 
standard unit or derived unit is contained in a given quantity. 
(N.). The size or extent of a given quantity as determined by 
comparison with a fixed standard unit or derived unit, 


A protractor is often used to MEASURE angles. 
mechanical engineering \mi-'kan-i-kol .en-ja-'ni(a)r-in\ 


ENGINEERING. The practical application of a knowledge of ma- 
chines and power. 


MECHANICAL ENGINEERING is required to produce an automo- 
bile, 


Wa 7 


b wre au. 
MECHANICAL WEATHERING 


mechanical weathering \mi-'kan-i-kol ‘weth-(a-)rin\ 
EARTH SCIENCE. The process by which rocks are broken down 
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MEDIAN 
(OF ARM) 


medulla 


into smaller and smaller fragments as a result of physical forces, 
such as expansion and contraction caused by temperature 
changes, frost action or abrasion by water, ice or wind. 


MECHANICAL WEATHERING does not affect the chemical compo- 
sition of rocks. 


mechanics \mi-'kan-iks\ n. 
puysics. A branch of physical science that is concerned with 
energy and the action of forces; sometimes called dynamics. 


Pneumatics is the phase of MECHANICS that deals with gases. 


medial \'méd-é-al\ adj. 
anatomy. Referring to a plane that would divide the body 
lengthwise into approximately equal halves; also, referring to 
the middle or something near the middle. 


The spinal column lies along the meviat plane behind the body 
cavity. 


median \'méd-é-an\ n. 
1. anatomy. A position or placement in the middle of the body, 
or in the middle of a part of the body. 2. MATHEMATICS. The 
middle value or number in an ordered set of data if the cardinal 
number of the set is odd. If the set is even, it is the average of 
the two middle values. 


The elbow is in the meviAN of the arm. 


medicine Vmed-o-sonV n. 
The art and science dealing with the maintenance of health 
and the prevention and treatment of disease, sometimes in- 
cluding surgery and obstetrics; also, a preparation used to treat 
a disease. 
Penicillin is a modern MEDICINE that is effective in the treat- 
ment of a number of infections. 


medium \'méd-é-om\ n. 
1. BIOLOGY and MEDICINE. A mixture, such as nutrient agar or 


beef extract, in which microorganisms are cultivated for study 
or research; see culture medium. 2. The surroundings or sub- 
stance in which a given process, event or phenomenon takes 
place. 

Yeast can be raised in a MEDIUM consisting of sugar and water. 


medulla \mo-'dal-a\ n. 
ANATOMY. The central part of an organ, as contrasted with the 
cortex or outer part of the organ; also, the marrow. 


The meputa of the adrenal gland secretes the hormone epine- 


phrine. 
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medulla oblongata 


medulla oblongata \mə-'dəl-ə ,ab-,]on-'gat-a\ 
ANATOMY. The lower part of the brain that is an extension of 
the spinal cord. 


The MEDULLA OBLONGATA contains the nerve centers that regu- 
late the rate of respiration, the heartbeat, swallowing and other 
reflex actions. 


medullary ray \'med-*l-,er-é 'rā\ 
l. BoTANY. A strand of tissue extending from the pith and 
separating the vascular bundles in the stems of certain plants. 
2. ANATOMY. An extension of a kidney tubule into the cortex. 


Ina dicotyledonous plant, the wEporxnv nav extends between 
the pith and the pericycle. 


megacycle Vmeg-o-,si-kolV n. 
PHYSICS. One million cycles. Megacycle is frequently used to 
mean one million cycles per second; abbr. mc or mc/s. 


The broadcast bands of FM radio stations are centered on a 
frequency that is some multiple of one wEGACYCLE. 


megascopic Vmeg-o-'sküp-ikV adj. 
Visible to the unaided eye; macroscopic. 


The word mrcascoric is used especially to specify those fea- 
tures of rocks that can be observed without the aid of magnify- 
ing equipment. 


megaspore Vmeg-o-,spó(o)rV n. 
BOTANY, A spore that develops into the female gametophyte; 
also, the sexual generation of a plant. 


Upon germination, each wEcasponk will give rise to a female 
gametophyte. 


megaton \'meg-o-,tan\ n. 
PHYSICS. One million tons; also, the amount of energy that would 
be released if one million tons of TNT were exploded. 


The explosive energy of a hydrogen bomb may be expressed 
* as some multiple of one MEGATON. 


meiosis Vmi-'0-sosV n. 
BIOLOGY. Nuclear divisions of germ cells giving rise to gametes 


(spermatozoa and eggs) in animals and Spores (microspores 
and megaspores) in the higher plants. 


In Metosis, germ cell chromosomes are reduced from diploid to 
haploid number at maturation, 
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melting point \'melt-in 'póintV 
CHEMISTRY and pHysics. The temperature at which a given solid 
changes into a liquid. The temperature is different for different 
substances. 


A true compound has a definite meLTING port, while mate- 
rials such as glass and butter do not. 


member \'mem-bar\ n. 
MATHEMATICS. Either of the two parts of an equation separated 
by the sign of equality, the parts being denoted as the left 
member and the right member; also, an element or an object 
that belongs to a set of objects. 


The left memser of the equation 5x + 3 = 2y — 6 is bx + 3. 


membrane \'mem-,bran\ n. 
anatomy. A thin sheet of tissue that covers separate organs or 
lines such cavities as the thorax and the abdomen. 


The peritoneum is a MEMBRANE that lines the abdominal cav- 
ity and covers most of the organs within the abdomen. 


Mendeleev's law Vmen-d?l-'à-ofs 'lóV 
Mendeleev's periodic law. See periodic law. 


Mendel’s laws Vmen-d?lz 'lòz\ 
pioLocv. The three fundamental principles of inheritance: the 
law of unit characters, the law of dominance and the law of 
segregation. The law of unit characters states that inherited 
characteristics are determined and transmitted by individual 
but paired factors. The law of dominance states that when two 
contrasting factors occur in an organism, one suppresses the 
expression of the other. The law of segregation states that fac- 
tors are separated and redistributed by chance during sexual 


reproduction. 

Although MENvEL’s Laws are basic to modern genetics, excep- 
tions such as multiple alleles, provisional dominance and cross- 
ing-over are known to occur. 


meninges \mo-'nin-(,)jéz\ n. 
ANATOMY. The three membranes, or layers of tissue, that cover 
the brain and the spinal cord: dura mater, arachnoid tissue and 


pia mater. 
Spinal meningitis is an inflammation of the MENINGES caused 
by bacterial infection. 
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meniscus 


meniscus \mo-'nis-kas\ n. 
1. puysics, The curved upper surface of a liquid in a container. 
2. anatomy. A disk of cartilage, occurring at the ends of the 
bones in certain joints of the body. 


Water in a partly-filled glass tube forms a Meniscus that is con- 
cave upward. 


mensuration \,men(t)-so-'ra-shon\ n. 
MATHEMATICS. The phase of mathematics that deals with the 
measurement of geometric magnitudes, such as lengths of lines, 
measures of angles, areas of surfaces and volumes of solids, 
by direct or indirect methods. 


MENSURATION is not generally considered to be a separate 
branch of mathematics, but is often thought of as a part of 
geometry, trigonometry and calculus. 


Mercator map projection \(,)mor-'kat-or 'map pro-'jek-shonV 
EARTH SCIENCE, A map of the earth drawn by projecting the 
surface features onto the surface of a cylinder tangent to the 
earth at the equator. When the cylinder is unrolled, the me- 
ridians appear as parallel, equidistant, straight lines that cross 
the lines of latitude at right angles. The lines of latitude are 
also parallel and straight but are spaced farther apart with in- 
creasing latitude. 


The MERCATOR MAP PROJECTION results in an extreme increase 
in apparent size of areas at latitudes greater than 60 degrees. 


mercurial barometer \(,)mor-'kyur-é-0l bo-'rüm-ot-orV 
PHYSICS. An instrument that measures atmospheric pressure. 
Frequently, it is made of a glass tube about three feet long 
that is closed at one end, filled with mercury and placed, open 
end down, in a dish of mercury. 


A MERCURIAL BAROMETER is usually the standard with which 
other types of barometers are compared. 


mercury \'mar-kya-ré\ n. 
CHEMISTRY. A metallic element that is liquid at ordinary tem- 
peratures and has a density of 13.546 grams per cubic centi- 
meter; also called quicksilver, Symbol, Hg; atomic number, 
80; atomic weight, 200.59. 


Tron, because of its lower density, floats in mercury, 


meridian \mo-'rid-é-an\ n. 
1. EARTH SCIENCE. An imaginary line that passes from the North 
to the South Pole through any given place on the earth’s sur- 
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face; also, one of the standard lines of longitude. 2. ASTRONOMY. 
A great circle on the celestial sphere that passes through the 
north and south celestial poles and an observer's zenith. 


Local noon is defined as the time at which the sun crosses the 
MERIDIAN at a particular location. 


meristem \'mer-9-,stem\ n. 
norany. A group of cells capable of repeated division, such as 
those located at the growing tips of plant roots and branches 
and in the cambium layer; also, undifferentiated tissue capable 
of differentiating into specialized tissue. 


Rapid growth in root length is largely the result of elongation 
of cells back of the MenisTEM. 


mesa Vmá-soY n. 
EARTH SCIENCE. A large, flat-topped, elevated land area with 
steep cliffs on one or more sides; a tableland. 


A mesa is usually made up of nearly-horizontal rock beds. 


mesencephalon \,mez-,en-'sef-a-liin\ n. 


ANATOMY and prystoLocy. The midbrain, a centrally-located 
segment of the brain that includes the cerebral peduncles, the 
cerebral aqueduct and the red nucleus. 


The MESENCEPHALON is the short upper part of the brain stem 


that divides into two branches, leading to the two halves of the 


cerebrum, 


mesentery Vmes-?n-,ter-&V n. 


ANATOMY and zoorocy. A fold in the tissue lining the ab- 
dominal cavity of vertebrates, connecting the digestive tube 
to the back part of the abdominal wall. 


Blood vessels and nerves pass through the wskNTERY to the 
organs of the body. 


mesoderm \'mez-o-,dorm\ n. 
zoorocy. The middle layer of cells in an animal embryo; the 
layer lying between the ectoderm and the endoderm. 


The bones, muscles, blood vessels, reproductive organs and 
coverings of body cavities are formed from the cells of the 


MESODERM. 
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